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Late Carboniferous to Early Permian brachiopod 
faunas from the Bachu and Kalpin areas, Tarim 
Basin, NW China 
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faunas from the Bachu and Kalpin areas, Tarim Basin, NW China. Alcheringa 25, 293- 
326. ISSN 0311-5518. 
Late Carboniferous and Early Permian brachiopod faunas are described from the Xiaohaizi 
section of the Bachu area and the Shishichang section of the Kalpin area, the Tarim 
Basin, NW China. Biostratigraphic studies of brachiopods and associated microfossils 
indicate that the Xiaohaizi Formation is Moscovian (Late Carboniferous) and the 
Shishichang Formation is Kasimovian-Gzhelian (Late Carboniferous), whereas the Nanza 
and Kankarin Formations are Asselian to early Artinskian (Early Permian). Two new 
species proposed from the Nanza Formation are Kutorginella tarimensis and 
Phricodothyris? bachuensis. 
Z. Q. Chen ~ & G. R. Shi:, School of  Ecology and Environment, Deakin University, 
Rusden Campus. 662 Blackburn Road, Clc~vton, VIC 3168, Australia: received 27 May, 
1999, accepted 16 February. 2000," ~lnstitute of Geology and Palaeontology, Tohoku 
University, Aoba, Aramaki, Sendai 98-8578, Japan [e-mail addresses: 
Izqchen@dges.tohoku.ac.jp: 2grshi@deakin.edu.au]. 
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LATE CARBONIFEROUS and Early Permian 
rocks of the central Tarina Basin are almost entirely 
concealed beneath deserts. Two exceptions are 
the Xiaohaizi section of the Bachu area and the 
Shishichang section in the Kalpin area, both 
situated in the northwestern part of the basin 
(Fig. 1). These two sections have been referred 
to as the correlative standards for borehole 
sequences beneath the desert areas of the Tarim 
Basin (Chen 1997, Chen & Shi 1999). More 
recently, the preliminary Late Carboniferous and 
Early Permian lithological and biostratigraphical 
sequences of the Bachu and Kalpin areas have 
been established by some Chinese authors (Wu 
1991, Liu & Xiong 1991, Liao et al. 1992, Zhang et 
al. 1993, Li et al. 1996). However, the Late 
Carboniferous and Early Permian brachiopod 
faunas and their correlation have never been 
described and discussed. As such, in this paper, 
we will describe these brachiopod faunas and 
0311/5518/2001/03293-34 $3.00 © AAP 
attempt to compare them with equivalent faunas 
outside the Tarim Basin. In addition, we also 
provide a different chronostratigraphic scheme 
and (in the case of the Shishichang section) a 
different lithological scheme from that ofLi et al. 
(1996) on the basis of  correlation of the 
brachiopod faunas and associated fusulinids. 
All specimens described in this paper were 
collected from the Xiaohaizi section (Loc. 1 in 
Fig. 1), about 20 km southeast ofthe Bachu county 
town, southern Xinjiang Province, and the 
Shishichang section (Loc. 2. in Fig. 1), 
approximately 100 km southeast of the Kalpin 
county town, southern Xinjiang Province, 
northwest China (Table 1), by the senior author 
when he investigated the Tarim Basin together 
with a geological exploration team of the Nanjing 
Institute of Geology and Palaeontology, Chinese 
Academy of Sciences, in the summers of 1992 
and 1993. The described specimens are housed 
in the Department ofInvertebrate Palaeontology, 
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Fig. 1. Sketch map showing the location of outcrop sections. 1. city, 2. county town, 3. road, 4. major fault, 5. desert, 
6. outcrop sections. Outcrop sections studied herein include: 1. The Xiaohaizi section of the Bachu County: 2. The 
Shishichang section of the Kalpin Counly. 
Museum of Victoria (NMV P). 
Stratigraphy and ages of 
brachiopod faunas 
A variety of lithological and chronological 
subdivisions have b en applied to the Late 
Carboniferous and Early Permian sequences in
the Bachu-Kalpin areas by different Chinese 
workers since the 1980s (Fig. 2). In this study, 
however, the Late Carboniferous sequences in 
both the Xiaohaizi (Loc. 1 in Fig. 1) and 
Shishichang (Loc. 2 in Fig. 1) sections are 
assigned to the Xiaohaizi and Shishichang 
Formations respectively, whereas the Early 
Permian deposits of these areas are assigned to 
the Nanza and Kankarin Formations. The faunal 
correlation of the brachiopods and fusulinids from 
these areas uggests that the Xiaohaizi Formation 
is Moscovian, the Shishichang Formation 
Kasimovian-Gzhelian, and the Nanza and 
Kankarin Formations Asselian to early Artinskian 
(Fig. 2). Based on our field observations and 
published information, the litho- and bio- 
stratigraphy of the Late Carboniferous to Early 
Permian sedimentary successions of the Bachu- 
Kalpin areas are summarised below. 
Xiaohaizi Formation 
The "Xiaohaizi Formation" was first established 
in the Xiaohaizi section by the Compiling Group 
of Regional Stratigraphical Chart of Xinjiang 
(RSCX) (1981) for the Late Carboniferous toearly 
Permian marine sediments of the Bachu area. Liu 
& Xiong (1991) separated the upper bioclastic 
and argillaceous limestones from the previous 
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"Xiaohaizi Formation" to establish the Nanza 
Formation (see below). As redefined, the 
Xiaohaizi Formation is roughly equivalent to the 
lower part of the previous "Xiaohaizi Formation" 
(RSWC 1981, Wu 1991, Liao et al. 1992, Zhang et 
al. 1993). Lithologically, this formation is 
composed mainly of yellow, medium-bedded 
marls interbedded with calcareous shales in the 
lower part, and thin, medium-bedded argillaceous 
limestones in the upper (Fig. 3A). The Xiaohaizi 
Formation unconformably oversteps the Vis6an- 
Bashkirian Karashayi Formation. 
Abundant fossils including fusulinids, 
foraminifers, conodonts, brachiopods, bivalves, 
and gastropods have been obtained from the 
Xiaohaizi Formation. Brachiopods include: 
Meekella sp., Schuchertella sp., Neochonetes 
carbonifera (Keyserling), N.granulifera (Owen), 
Choristites ptanus (Rotai), C. sp. indet., and C. 
cf. mosquensis (Fischer de Waldheim) (El et al. 
1996 and this study). Of these, species of 
Choristites are represented by a great number of 
specimens (about 80%). N. carbonifera is 
characteristic ofthe Late Carboniferous to Early 
Permian (Chernyschev 1902), Choristitesplanus 
and C. mosquensis ofthe Moscovian ofthe Late 
Carboniferous in the Moscow Basin (Sarycheva 
& Sokolskaya 1952), the western Kunlun 
Mountains (Ustrisky 1960), and South China (Jin 
& Liao 1974, Yang et al. 1977). Therefore, this 
brachiopod fauna can be assigned to the 
Moscovian and is most likely late Moscovian 
according to associated fusulinids, conodonts, 
and foraminifers. 
The fusulinids include: Fusulinella 
vozhgalensis Safonova, F. praebocki Rauser, F. 
rara Shlykova, Hemifusulina pulchella Rauser, 
H. communis Rauser and Fusulina sp. Most of 
which are constituents of the Fusulina- 
Fusulinella Zone (late Moscovian) of the 
Moscow Basin (Winkler Prins 1990), the Benchi 
Formation of North China (Sheng 1958, Han et 
al. 1987), and the Huanglong Formation of South 
China (Wu et al. 1974, Rui & Zhang 1990, Wu 
1990). Hence, the fusulinids uggest a late 
Moscovian age. 
In addition, Li et al. (1996) have also reported 
the conodont Idiognathodus delicatus G nnell, 
fusulinids (Fusulinella provecta Sheng, F. cf. 
pseudocolaniae Putrja, Fusiella typica extensa 
Rauser, Hem~fusulina spp., Profusulinella 
rhomboides [Lee & Chen]), non-fusulinid 
foraminifers (Bradyina modica Granelina, 
Dainella tujmasensis (Vi sarionova), Textularia 
grandis Reitlinger, Nodosaria tenuiseptata 
Lipina, N. netchajewi Tcherdynzev, 
Globivalvulina sp.), the bivalve Sanguinolites 
sp., and the gastropod Bellerophon sp. Of these, 
the conodont Idiognathodus delicatus andthe 
fusulinid Profusulinella rhomboides are 
Moscovian indicators (Li et al. 1996). 
Nanza Formation 
The Nanza Formation (Xiong 1991) is 
lithologically equivalent to the upper part of the 
previous"Xiaohaizi Formation" (RSWC 1981,Wu 
1991, Liao et al. 1992, Zhang et al. 1993). This 
formation comprises mainly grey to greyish black 
thin- to medium-bedded bioclastic limestone and 
argillaceous limestone interbedded with 
calcareous siltstones (Fig. 3A). 
The following brachiopod species ar  from 
the Nanza Formation (Table 1): "'Avonia"? 
echidniformis Grabau, Cancrinella 
cancrin(formis (Chernyschev), Plicatifera 
aksuensis (Zhan & Wu), Chaoiella 
tenuireticulatus (Ustrisky), Hystriculina sinica 
Wang, Kutorginella tarimensis p. nov., K. 
magna Wang, Martinia pentagonalis Jin & Hu, 
M. orbicularis Gemmellaro, Martiniopsis 
cathaysiensis Grabau, Phricodothyris? 
bachuensis sp. nov. In addition, Li et al. (1996) 
have reported the following species from the same 
formation: Neochonetes cf.granulifera (Owen), 
Krotovia cf. pustulata (Keyserling), K. sp., 
Eomarginifera sp., Teguliferina irregutaris 
Wang, and Uncinunellina wangenheimi 
(Pander). Of the species listed above, 
Kutorginella tarimensis and Chaoiella 
tenuireticulatus are predominant elements, and 
Hystriculina sinica, Plicat~fera aksuensis and 
Martinia pentagonalis are also important 
constituents. Overall, these brachiopods can be 
assigned to the Kutorginella tarimensis- 
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BACHU KALPIN 
Xiaohaizi section Shishichang section 
RSCX Wu Liu & Zhang et al, Li et al. RSCX i [ This paper 
1981 1991 Xiong 1991 1993 1996 This paper 1981 
I I 
Zone or assemblage 
This paper 
Brnehiopodz Fusulinida 
[ Palaeanodonta sophiae- 
I Palaeomutela sp. 
} Bivalve Assemblage 
I (niter Fang etal. 1996) 
I Chaoiella Eopar~usulina 
[ tenuiretiaulatus Zone 
I -Kutorginella 
| tarimensis Sphaero- 
Assemblage ~eh~ag:rina 
PP Triticites Zone 
Fusulina- 
Fig. 2. Correlation between the various stratigraphical schemes proposed for the Late Carboniferous and Early 
Permian rocks and biozones of the Bachu-Kalpin areas, Tarim Basin, NW China. 
Chaoiella tenuireticulatus Assemblage (Fig. 
3A). 
Of the Nanza fauna, six species, "Avonia"? 
echidniformis, Chaoiella tenuireticulatus, 
Hystriculina sinica, Kutorginella magna, 
Neochonetes granulifera and Teguliferina 
irregularis, have been reported from the lower 
part of the Keziliqiman Formation in the western 
Kunlun Mountains (Ustrisky 1960) and the 
Zaerjiake Formation in the Aheqi areas of the 
southern Tienshan Mountains (Zhan & Wu 1987). 
Plicatifera aksuensis al o frequently appears in 
the Kankarin Formation in the southern Tienshan 
Mountains (see below). The species of Martinia 
were also described from the Maping Formation 
of South China (Grabau 1936). These lithological 
units are generally referred to the Asselian to 
early Artinskian in accordance with the 
associated conodont and fusulinid faunas (Zhao 
et al. 1984, Zhan & Wu 1987, Wu et al. 1974, Wu 
1991). Therefore, the Kutorginella tarimensis- 
Chaoiella tenuireticulatus As emblage is most 
likely Asselian to early Artinskian in age. 
Fusulinids of the Nanza Formation include 
Eoparafusulina parashengi Zhang, E. shengi 
Zhang, Sphaeroschwagerina plicata 
(Scherbovich), S. vulgaris (Scherbovich), and 
Staffella sp. They can be correlated (Zhu & 
Zhang 1994) with the Sphaeroschwagerina Zone 
(Asselian-Sakmarian) and the Eoparafusulina 
Zone (early Artinskian). 
In addition, Li et al. (1996) reported a large 
fauna from the Nanza Formation consisting of 
conodonts, foraminifers, fusulirlids, brachiopods, 
bivalves, and corals. The conodonts 
Neostreptognathodus pequopensis Behnken, 
Sweetognathus inornatus Ritter and S. whitei 
(Rhodes) from the upper part of the formation 
suggest an Artinskian age (Jin et al. 1997). 
Shishichang Formation 
The Shishichang Formation (Liu & Xiong 1991) 
embraces the clastic sediments in the lower part 
of the Shishichang Section, characterised by 
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Species Xiaohaizi Shishichang Nanza Kongkelin 
Fm. (X) Fro. (S) Fro. (X) Fm. (S) 
Neochonetes carbonifera (Keyserling) 
"Avonia"? echidniformis Grabau 
Plicatifera aksuensis (Zhan and Wu) 
Hystriculina sinica Wang 
Kutorginella tarimensis sp. nov. 
Kutorginella magna W ng 
Cancrinella cancriniformis (Tschernyschew) 
Linoproductus cora (de Orbigny) 
Chaoiella tenuireticulatus (Ustrisky) 
Choristites p. indet. 
Martinia pentagonalis Jin and Hu 
Martinia orbicularis Gemmellaro 
Martiniopsis cathaysiensis Grabau 
Phricodothyris? bachuensis sp. nov. 
Terebratuloidea sp. 
Table 1. The described species and their stratigraphical distributions at the Xiaohaizi (X) and Shishichang (S) sections. 
greyish yellow medium- to thick-bedded quartz 
sandstones and conglomerates interbedded with 
bioclastic limestones (Fig. 3B). The formation 
unconformably overlies Silurian rocks (Fig. 2). In 
defining the formation, Liu & Xiong (1991) did 
not mention its age assignment because of their 
lack of success in finding fossils. Fortunately, 
we have found some important fossils including 
fusulinids Triticites stuckenbergi Rauser, T. cf. 
burgessae Burgessa, Rugosofusulina sp., and the 
brachiopod Linoproductus cora (d'Orbigny). 
These fusulinids are the common elements of the 
Triticites Zone (Kasimovian-Gzhelian). Although 
L. cora is a long-range species, which occurs 
frequently at the Late Carboniferous successions 
of the Kunlun Mountains, South China, North 
China, and South Urals. 
Kankarin Formation 
This formation iswidely distributed inthe Kalpin 
area. In the Shishichang section, the Kankarin 
Formation is characterised by grey, thin- to 
medium-bedded bioclastic limestones (Fig. 3B) 
and conformably overlies the Shishichang 
Formation and underlies the Kupukuziman 
Formation of late Artinskian to Kungurian age 
(Fang etal. 1996). 
Six brachiopod species belonging to six 
genera were collected from the Kankarin 
Formation (Table 1) including "Avonia"? 
echidniformis Grabau, Plicatifera aksuensis 
(Zhan & Wu), Chaoiella tenuireticulatus 
(Ustrisky), Linoproductus cora (d'Orbigny), 
Terebratuloidea sp., and Martin iapentagonalis 
Jin & Hu. Of these, Plicatifera ksuensis found 
in great abundance (80% of all specimens). Five 
species are also present in the Nanza formation 
of the Bachu area. Overall, these brachiopods 
can be assigned to the Kutorginella tarimensis- 
Chaoiella tenuireticulatus A semblage. 
Abundant fusulinids are also present, 
including Pseudofusulina cf. sexangulata 
(Zhang, Rui, Wang & Lee), Eoparafusulina 
contracta (Schellwien), Sphaeroschwag erina sp. 
and Schwagerina cf. tschernyschewi 
(Schellwien). The fusulinid assemblage is
comparable inspecies composition with these of 
the Nanza Formation of  the Bachu area, 
suggesting that the Kankarin Formation (and its 
brachiopod fauna) is of  Asselian to early 
Artinskian in age. 
Systematic palaeontology 
The supra-ordinal classification follows Williams 
et al. (1996). The classification ofthe Productida, 
Spiriferida, Rhynchonellida follows the revisions 
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Fig. 3. Columnar sections and stratigraphical r nges of brachiopod species of the Late Carboniferous to Early 
Permian sequences in the Baehu (A) and Kalpin (B) areas, Tarim Basin, NW China. I. conglomerate, 2. sandstone, 3
mudstone, 4. gypsum, 5, argillaceous limestone, 6. dolomitic limestone, 7. limestone (The brachiopod species with an
asterix were reported by Li et al. 1996). 
prepared for the new Treatise by Brunton et al. 
(1995), Carter et al. (1994) and Savage (1996) 
respectively. All morphological terms are in current 
use, as in Williams & Brunton (1997). 
Phylum BRACHIOPODA Dumeril, 1806 
Subphylum RHYNCHONELLIFORMEA Williams 
et al., 1996 
Class STROPHOMENATA Williams et al., 1996 
Order PRODUCTIDA Sarycheva & Sokolskaya, 
1959 
Suborder CHONETIDINA Muir-Wood, 1955 
Superfamily CHONETOIDEA Bronn, 1862 
Family RUGOSOCHONETIDAE Muir-Wood, 
1962 
Subfamily RUGOSOCHONETINAE Muir-Wood, 
1962 
Neochonetes  Muir-Wood, 1962 
Type species. Chonetes dominus R. H. King, 1938 
Neochonetes carbonifera (Keyserling, 1846) (Fig 
4K) 
1928 Chonetes carbonifera Keyserling; Chao, p. 13-16, 
pl. t, figs 19-22; pl. 3, figs 6-14; pl. 4, fig. 6. 
1964 Chonetes carbonifera Keyserling; Wang et al., p. 
234, pl. 36, fig. I1. 
1979 Neochonetes carbonifera (Keyserling); Liao, pl. 
1, fig. 21. 
1983 Neochonetes carbonifera (Keyserling); Zhang et 
al., p. 278, pl. 126, fig. 3. 
1987 Neoehonetes carbonifera (Keyserling); Zhan & 
Wu, p. 203, pl. 47, fig. 21. 
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1996 Neochonetes carbonifera (Keyserling); Li et al., 
pl. 8, fig. 11. 
Material. Four ventral valves were obtained, of 
which a ventral valve (NMV P 149222) is figured. 
Description. Medium sized and transversely 
rectangular shell; cardinal extremities acute; 
median sulcus and fold absent. External surface 
ornamented by numerous fine, dense costellae 
and fine growth lines. 
Ventral interior with short median septum; 
dorsal interior with long median septum, 
extending to two-thirds of valve length. Inner 
surface marked by numerous radiating rows of 
fine pits. 
Remarks .  Our specimens agree well N. 
carbonifera (Keyserling) from the Taiyuan 
Formation of the Upper Carboniferous to the 
Lower Permian of North China (Chao 1928), South 
China (Liao 1979) and southern Tienshan 
Mountains, Xinjiang Province (Zhan & Wu 1987). 
As noted by Chao (1928, p. 15), these Chinese 
specimens usually embrace a slight variation in 
outline and extremities. However, they are closely 
comparable with Keyser l ing 's  species in 
subrectangular to semicircular outline, fine, dense 
costation and absence of fold and sulcus. 
Horizon and Locality. Moscovian Xiaohaizi 
Formation, Xiaohaizi Section; Asselian-early 
Artinskian Kankarin Formation, Shishichang 
Section. 
Suborder PRODUCTIDINA Waagen, 1883 
Superfamily PRODUCTOIDEA Gray, 1840 
Family PRODUCTELLIDAE Schuchert, 1929 
Subfamily OVERTONIINAE Muir-Wood & 
Cooper, 1960 
Tribe AVONIINI Sarycheva, 1960 
Avonia Thomas, 1914 
Type species. Productus youngianus Davidson, 
1860 
1925 (Fig. 4J) 
1892 Productus aculeatus var., Schellwien, p.25, pl. 3, 
fig. 10. 
1924 Productus echidniformis Grabau (unpublished) 
1925 Avonia echidniformis Grabau, emend. Chao, p. 
239, pl. 2, figs 7-9. 
1927 Avonia echidniformis Grabau emend. Chao; Chao, 
p. 120-125, pl. 14, figs 17-27. 
1928 Avonia echidn~formis Grabau emend. Chao; Chao, 
p. 55, pl. 6, fig. 7. 
1938 Productus (Avonia) echidniformis Grabau emend. 
Chao; Likharev, p. 38, pl. 1, figs 8-9. 
1952 Avon& echidniformis Grabau emend. Chao; 
Sarycheva & Sokolskaya, p. 86, pl. 17, figs 9-10. 
1960 Avonia echidniformis Grabau emend. Chao; Volgin, 
p. 47-48, pl. 4, fig. 4. 
1983 "'Avonia"? echidniformis Grabau; Zhang et al., p. 
286, pl. 131, fig. I. 
1986 Avonia echidniformis Grabau emend. Chao; Li et 
al., pl. I, fig. 23, 
1987 "'Avonia"? echidniformis Gmbau; Zhan & Wu, p. 
203-204, pl. 47, figs 23-25. 
1995 Avonia echidniformis Grabau emend. Chao: Wang, 
pl. 1, fig. 4. 
Material. A ventral valve (NMV P 149221). 
Descript ion. Large for genus; transversely 
rounded-rectangular to semi-circular in outline; 
hingeline slightly narrower than greatest width 
at midvalve; ears small and rounded; cardinal 
extremities obtuse. 
Ventral valve moderately convex; greatest 
convexity at posterior of shell; beak extremely 
pointed and strongly incurved, overhanging 
hingeline; median sulcus weak, indistinct. 
External sculpture of dense, irregularly 
distributed short pustules on posterior region of 
shell, which bears thin, erect spines; pustulae 
elongate anteriorly, forming punctuated costae 
bearing numerous spines, which project oblique- 
anteriorly. 
Remarks. The present species is distinguishable 
from other species of the genus by its larger size 
and more transversely rectangular outline. 
However, the internal features of the dorsal valve 
of this species have never been reported, 
rendering its generic status uncertain. 
"Avonia"? eehidniformis Grabau emend. Chao, Horizon and Locality. Asselian-early Artinskian 
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Nanza Formation, Xiaohaizi Section. 
Subfamily PLICATIFERINAE Muir-Wood & 
Cooper, 1960 
Tribe PLICATIFERINI Muir-Wood & Cooper, 
1960 
Plicatifera Chao, 1927 
Type species. Productus plicatitis J. Sowerby, 
1824 
Diagnosis. Plicatiferinae with strong posterior 
rugae and variably developed ribbing, producing 
posterior eticulation in some species. Trails 
smooth or faintly ribbed. Few spines confined to 
ventral valves. Corpus cavity deep anteriorly, and 
ear baffles prominent. 
Remarks. The presence of  the radial 
ornamentation Plicatifera has been debated 
since being described by Thomas (1914). When 
Chao (1927, p, 25) proposed the subgenus 
Plicatifera with Productusplicatilis J. Sowerby 
as the type species, he only published a very 
simple diagnosis as: "Surface marked by 
prominent concentric wrinkles and a few 
irregularly distributed spines." However, Chao 
(1928) considered that this genus could be 
differentiated from Pustula by its prominent 
concentric wrinkles, fewer irregularly scattered 
spines and lacking any radial ornaments on 
external surfaces. Later, when Muir-Wood & 
Cooper (1960) redefined Plicatifera Chao, they 
also did not mention any radial ornamentation. 
Although Wang et al. (1964) did not comment 
on the radial ornament when they described this 
genus, they cited the illustration of P. plicatilis 
(J. Sowerby) from Britain by Davidson (1863, pl. 
31, fig. 15), in which both regular ugae on the 
ventral disc and fine radial lines are present. 
Studies by Brunton (1966) and Brunton et al. 
(1993) clearly showed that the type specimens of 
P. plicatitis are characterised byfine radial lines. 
After re-examining all figured Chinese 
specimens of Plicatfera, we believe that these 
Chinese specimens do not bear radial 
ornamentation the ventral disc, whereas the 
British material of Plicatifera has radial ornament. 
Unfortunately, the internal features of these 
Chinese specimens of Plicatifera have never 
been described or illustrated, hindering any further 
comparison with the British material of  P. 
plicatilis. 
Kalashnikov (1980) proposed a new genus, 
Plicatiferina (= Rugoconcha Jin & Sun, 1981) 
with Productuspseudoplicatilis Stepanov, 1948 
as the type species; it differs from Plicatifera in 
embracing a gentle profile, a narrower ventral disc 
and pronounced rugae crossing over the whole 
shell. 
Neoplicatifera was established by Jin & Liao 
(1974) with Plicatifera huangi Ustrisky, 1960 as 
the type species. This genus was said to be 
distinguishable from Plicatifera in having 
irregular ugae on the ventral disc and denser, 
finer spines (Jin & Liao 1974). However, the 
internal features of Neoplicatifera huangi 
(Ustrisky) described and figured by Jin & Liao 
(1974) are apparently close to those ofP. plicatilis 
described from Britain (Brunton 1966, Brunton et 
al. 1993), suggesting that they could be 
congeneric. 
Plicatifera aksuensis (Zhan & Wu, 1987) (Figs 
5-8) 
Fig. 4. A-C, E-F, H, Hystriculina sinica Wang, 1983. A-C, NMV P149216, ventral valve in antero-ventral, posterior 
and lateral views; E, NMV P149217, ventral v lve in ventral view; F, H, NMV P149218, ventral valve in ventral and 
posterior views, xl. D, G, 1, L, Cancrinella cancriniformis (Chernyschev, 1902). D, NMV P149219, external mould 
of dorsal valve in dorsal view; G, L, NMV P149220, ventral valve in lateral and ventral views; 1, NMV P149265, 
dorsal valve in dorsal view, all xl. J, "'Avonia'? echidniformis Grabau emend. Chao, 1925. NMV P14922t, ventral 
valve in postero-ventral view, xl. K, Neochonetes carbonifera (Keyserling, 1846). NMV P149222, ventral valve in 
ventral view, xl. M-Q, S, Terebratuloidea sp.M-P, S, NMV P149223, complete specimen in ventral, dorsal, poste- 
rior, anterior and lateral views; Q, NMV P149224, a ventral valve in ventral view, all, xl. R, T, Linoproductus cora 
(d'Orbigny, 1842). R, NMV P149225, external mould of dorsal valve; T, NMV P149226, ventral valve in ventral 
view, all xl. 
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198'7 NeoplicatiJera aksuensis Zhan & Wu, p. 204, pl. 
48, figs 1-6. 
1995 Plicatifera sp.; Wang, pl. I, fig. 12. 
1996 Neoplicatifera sintanensis (Chao); Li et al., pl. 10, 
figs 9-17. 
1996 Plicatifera sp.; Li et al., pl. 10, figs 18-19. 
Material. Five articulated specimens with 
conjoined valves and 16 ventral valves. Of these, 
three complete specimens (NMV Pl49228, NMV 
P 149231, NMV P 149235) and nine ventral valves 
(NMV P 149207-8, NMV P 149227, NMV P 149229- 
30, NMV P149232-34, NMV P149236) are 
illustrated herein. 
Description. Medium sized species for genus; 
elongately oval in outline in ventral view; 
hingeline narrower than maximum width of shell; 
ears small, triangular, flat. Ventral valve strongly 
convex, forming semi-circular profile, evenly 
geniculate anteriorly; beak small, pointed, slightly 
overhanging hingeline; umbonal region evenly 
convex; median sulcus absent or weakly 
developed, shallow, present near anterior margin; 
trail short. Dorsal valve concave; disc concave 
to slightly flat; corpus cavity moderately deep. 
Ventral surface ornamented by distinct, 
regular concentric rugae on disc (Fig. 8); weak 
plicae present on trails in some specimens; pines 
coarse, usually 2mm in diameter (Fig. 8), sparsely 
scattered on whole valve. Dorsal exterior with 
prominent concentric rugae, covering whole 
valve except tail; spine bases parse, coarse. For 
dimensions, ee Figure 7. 
Ontogeny. Neanic to gerontic stages have been 
observed in our collections (20 specimens). The 
size frequency distribution of these specimens 
indicates three groups (Fig. 7A). The smallest 
specimens (approximately 35%), about 11-12 nun 
in curved length and 10-14 mm in shell width, are 
considered neanic or juvenile individuals. 
Medium-sized specimens (about 50%) are the 
predominant constituents in our collections, and 
appear to represent adult individuals from the 
growth stages between eanic and late gerontic 
forms; they range in length from 12-17 mm and in 
width from 15-18 mm, the length / width ratio with 
increasing shell size becomes bigger (Fig. 7A). 
The large specimens (about 15%), from about 18- 
19 mm long and 19-20 mm wide (Fig. 7A), possibly 
represent gerontic individuals. 
Although the regular concentric ugae of 
ventral discs are present on all specimens, the 
number ofrugae varies (Fig. 7B-C), with 12 rugae 
occurring, with an frequency of 40% (Fig. 7C). In 
smaller specimens there are often less than 12 
rugae, usually weaker and sometimes 
inconsistent, and the shells lack a median sulcus 
(Fig. 5G, K). In comparison, larger specimens 
usually possess more than 12 rugae, which are 
more pronounced on the posterior region of the 
ventral disc, and are weaker and more flattened 
due to abrasion on the anterior region of the disc; 
these specimens often have a weak, shallow 
median sulcus, and weak plicae near the anterior 
margins (Fig. 6A, H, L). 
Remarks. The present species was assigned to 
Neoplicatifera Jin & Liao, 1974 by Zhan & Wu 
(1987). However, when compared with 
Neoplicatifera huangi (Ustrisky), type species 
of the genus, from the southern Guizhou area, 
South China (Huang 1933), P. aksuensis readily 
different as it has stronger, more regular 
concentric rugae and coarser spines. 
Neoplicatifera sintanensis (Chao) ofLi et al. 
(1996, pl. 10, figs 9-17) is considered conspecific 
with the present material because the two share 
almost all observed features. They clearly differ 
from the type specimen ofN. sintanensis (Chao 
1928, p. 156-158, pl. 14, figs 13-14) in having more 
regular, strong concentric rugae. 
Plicatifera minor (Schellwien) of Ustrisky 
(1960), Zhang etal. (1983) and Zhan & Wu (1987), 
from the Lower Permian of the Tarim Basin can be 
separated from P. aksuensis by being smaller, and 
having a less highly convex ventral umbo, and a 
Fig. 5. A-M, Plicatifera aksuensis (Zhan & Wu, 1987). A-C, NMV P149227, ventral valve in ventral, lateral and 
posterior views, x2.5; D, G, J, NMV P149228, complete specimen in posterior, dorsal and ventral views, x2; E-F, 
NMV P149229, ventral valve in ventral and posterior views, xl.5; H-l, NMV P149230, ventral valve in ventral and 
posterior views, xl.5; K-M, NMV P149231, complete specimen in posterior, ventral and dorsal views, x2. 
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Fig. 7. Measurement of Plicatifera ksuensis (Zhan & Wu, 1987). A. Variation f the curved length, maximum width 
and thickness of 20 specimens. B. Variation of the number of concentric rugae in 20 specimens. The medium-sized 
specimens embrace 12 consistent rugae. The smaller specimens often bear weak, inconsistent rugae, the inconsistency 
of rugae results in exaggerating the number of ruga ; the major rugae indeed are less than 12 rugae. On the other hand, 
the rugae of the larger specimens are extremely weak and flattened on the anterior region of the d sc. Subsequently, 
the number of rugae is usually underrated, actually often greater than 12. C. Frequency diagram of the rugae number 
and the width in 20 specimens. 12 rugae are frequently counted with an occurring frequency of 40%. 
Fig. 8. External ornament on the ventral disc of 
Plicatifera ksuensis (Zhan & Wu, 1987) (based on speci- 
men NMV P149230), showing spines and strong, regular 
concentric rugae, x2. 
deeper  corpus cav i ty  and a more  gent ly  
geniculated trail. 
Plicatifera lipoensis (Grabau) of  Liao (1979, 
pl. 2, figs 2-4) from the Asselian and Artinskian 
of  the Longlin area, Guizhou Province, South 
China, approaches the present species in size 
and bears rugae on discs, but the latter is more 
transverse and has re lat ive ly  less strongly 
developed rugae. 
hingeline narrower than the shell width. 
The presence of a more transverse outline 
and radial ines readily distinguishes P. plicatilis 
(J. Sowerby) from P. aksuensis. 
Like P. wangi Chang (1987, p. 758, pl. 1, figs 
15-17) from the Chihsian Chihsia Formation f
the Anhui areas, South China, P. aksuensis is 
medium sized and has limited regular ugae on 
the discs, but the latter can be differentiated by 
having a slightly elongate outline, a relatively 
Horizon and Locality. Asselian-early Artinskian; 
Nanza Formation, Xiaohaizi Section; Kankarin 
Formation, Shishichang Section. 
Subfamily MARGINIFERINAE Stehli, 1954 
Tribe MARGINIFERINI Stehli, 1954 
Hystrieul ina Muir-Wood & Cooper, 1960 
Type species. Hystriculina texana Muir-Wood 
Fig. 6. A-P, Plicatifera aksuensis (Zhan & Wu, 1987). A-B, NMV P149232, ventral valve in posterior and anterior 
views, x2; C-D, NMV P149233, ventral valve in anterior and posterior views, x2; E-F, NMV P149234, ventral 
valve in ventral and posterior views, xl.5; G-H, L, NMV P149235, complete specimen in ventral, dorsal and 
posterior views, xl.5; I, M, P, NMV PI49236, ventral valve in ventral view, x2, posterior view, xl.5; posterior 
view, x2. J-K, NMV P149207, ventral valve in posterior and anterior views, x2. N-O, NMV P149208, ventral 
valve in anterior and posterior views, x2. 
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& Cooper, 1960. 
Hystriculina sinica Wang in Zhang et al. 1983 
(Fig. 4A-C, E-F, H) 
1983 Hystriculina sinica Wang; Zhang et al., p. 310, pl. 
130, fig. 5. 
1996 Eomarginifera orientalis (Chao); Li et al., pl. 10, 
figs 20-21. 
1996 Eomarginifera sp.; Li et al., pl. 10, figs 24-25. 
1996 Tylopleeta sp.; Li et al., pl. 10, fig. 28. 
1996 ttystriculina sinica Wang; Li et aL, pl. I0, figs 22-23. 
Material. Three ventral valves (NMV Pl49216- 
218) are available. 
Description. Small and transversely rectangular 
shell; hinge forming widest part; ears small, 
slightly convex. Ventral valve moderately convex; 
beak pointed, slightly incurred; umbonal region 
swollen in lateral profile; median sulcus hallow, 
broad, originating just anterior of umbo, and 
extending to anterior margin. Dorsal valve 
concave, geniculated anteriorly; disc slightly 
concave; corpus cavity moderately deep; median 
fold low and indistinct. 
Ventral costae uneven, indistinct, originating 
anterior to umbo, continuing to anterior margin, 
3 per 3 mm near midvalve; concentric rugae weak, 
present on both lateral slopes; spines erect, 
scattered sparsely over valve. Dorsal exterior with 
similar ugae and costae, without spines. Internal 
features not observed. 
respectively asEomarginfera orientalis (Chao), 
E. sp., and Tyloplecta sp. According to our 
observation based on topotypic material, these 
specimens agree entirely with the diagnostic 
characteristics of H sinica described above. 
Hence, we assign these specimens to the present 
species. 
Hystriculina sinica also resembles in many 
respects tl. texana Muir-Wood & Cooper, type 
species of the genus, from the Pennsylvanian of
Texas, USA (Muir-Wood & Cooper 1960, p. 211- 
212, pl. 64, figs 1-7, 9-10), but is distinguishable 
in having a shallower, broader median sulcus, 
and fewer, stronger costae. 
Hystriculina wabashensis (Norwood and 
Pratten) described by Dunbar & Condra (1932, p. 
234, pl. 25, fig. 23; pl. 36, figs 18-23, 25-26) from 
the Pennsylvanian of USA, and by Sarycheva 
(1968,p. 139-141,pl. 18, figs 11-16) fi'om theUpper 
Carboniferous ofKazakstan can be differentiated 
from the present species by its smaller size and 
more pronounced ventral median sulcus. 
Horizon and Locality. Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section. 
Family PRODUCTIDAE Gray, 1840 
Subfamily PRODUCTINAE Gray, 1840 
Tribe RETARIINI Muir-Wood & Cooper, 1960 
Kutorginella Ivanova, 1951 
Remarks. Externally, the present specimens are 
almost identical in all observed features with the 
type specimens ofHystriculina sinica from the 
Lower Permian Keziliqiman Formation of the 
western Kunlun Mountains (Zhang et al. 1983, 
p. 310, pl. 130, fig. 5). Therefore, although no 
interiors were observed inour material, we believe 
that they are conspecific. 
Li et al. (1996, pl. 10, figs 20-21, 24-25, 28) 
figured two ventral valves and a dorsal valve, 
Type species. Kutorginella mosquensis Ivanova, 
1951. 
Kutorginella tarimensis p. nov. (Figs 9A-F, I-J; 
10A, C,F; 11) 
Material. Holotype, a ventral valve NMV 
P 14 9237; paratypes, an internal mould of dorsal 
valve NMV P149239 and a ventral valve NMV 
P 149241. Three ventral valves (NMV P 149237- 
38, NMV P 149241) and an internal mould of dorsal 
Fig. 9. A-F, l-J, Kutorginella tarimensis sp. nov. A-B, D, NMV P149237, holotype ventral valve in anterior view, x3; 
xl.5, posterior view, xl.5; C, E, F, NMV PI49238, ventral v ve in ventral, lateral and posterior views, showing a
strongly posteriorly incurved ventral umbo and strong eniculation, xl.5; l-J, NMV P149239, paratype, incomplete 
internal mould of dorsal valve, x2.5, xl. G-H, K, Chaoiella tenuireticulatus (U trisky, 1960). NMV P149240, 
internal mould of ventral valve in posterior, ventral and lateral views, xl.
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valve (NMV P149239) are figured. 
Diagnosis .  Medium sized species for 
Kutorginel la with tl~in shell, ventral disc 
separated by deep median sulcus into two lobes; 
2-3 rather strong spines medianly present on 
ventral disc, up to 2 mm in diameter; 
pseudopunctae dense, prominent on shell 
surfaces of worn specimens. 
Description. Transversely rectangular in outline; 
hingeline equal to shell width; ears broad, 
rounded. Ventral valve strongly convex; corpus 
cavity moderately deep; umbonal regions 
moderately swollen; lateral slopes steep; trail 
long, gently curved; median sulcus narrow, deep, 
prominent, originating at middle part of umbo; 
nasute xtension ot preserved. Dorsal disc flat 
to slightly concave, strongly geniculated; corpus 
cavity deep. 
Ventral costae rounded, originating at beak, 
about 4-5 per 5 mm near anterior margin; 
concentric rugae strong, prominent on lateral 
slopes; fine and dense concentric lamellae 
present near anterior margin; spines located 
medianly on disc, rather strong, up to 2 mm in 
diameter, those sparsely scattered on flanks 
relatively smaller, about 1 nun in diameter. Dorsal 
valve marked by costae and concentric rugae, 
reticulating posteriorly; spines fewer, smaller than 
ventral spines, scattered on disc. 
Ventral interior with elongate, dendritic 
adductor fields; pseudopunctae d nse, distinct, 
evenly present at both costae and valley. Dorsal 
interior cardinal process small, long~ deeply 
bilobed internally, with two posteriorly directed, 
triangular lobes; myophore quadrilobed (Fig. 11); 
lateral ridges short, low; median septum thin. 
Remarks. The new species bears a remarkable 
resemblance in terms of shell outline, ornament, 
and internal features to Kutorginella mosquensis 
Ivanova, 1951, redescribed from the Upper 
Carboniferous of Moscow Basin, Russia by 
Sarycheva & Sokolskaya (1952, p. 153, pl. 37, fig. 
230) and refigured by Lazarev (1990, pl. 19, figs 1- 
8). However, itcan be differentiated from the latter 
by exhibiting rather thin shells, prominent 
pseudopunctae, 2-3very strong spines medianly 
present at ventral disc, and a stronger but shorter 
cardinal process and lower, shorter lateral ridges 
in the dorsal interior. 
Kutorginella magna Wang (in Zhang et al. 
1983, p. 312, pl. 130, fig. 4) from the Artinskian 
Keziliqiman Formation of the western Kunlun 
Mountains clearly differs from K. tarimensis p. 
nov. in being significantly larger, and lacking 
rather strong spines medianly situated on ventral 
disc and prominent pseudopunctae. 
Kutorginella aprica Grant from the Middle 
Permian of southern Thailand (Grant 1976, p. 143- 
147, pl. 38, figs 1-18) is comparable with the present 
species in many aspects, but can be differentiated 
by its denser spines and stronger concentric rugae 
on discs. 
The presence of  a relatively narrower 
hingeline and more widely spaced costae 
differentiates K. tentoria Jin & Liao (1974, p. 281, 
pl. 147, figs 11-12) from the Moscovian Weining 
Formation of the southern Guizhou area, South 
China from the present new species. 
The new species is also comparable in terms 
of size, shell outline and ornament with K. 
yukonensis Sarycheva & Waterhouse (1972, p. 
501, pl. 7, figs 1-2) and redescribed by Shi & 
Waterhouse (1996, p. 82-84, pl. 7, figs 1-19) from 
the Lower Permian Upper Jungle Creek 
Formation, northern Yukon Territory, Canada. 
However, the Canadian species has a more 
moderately curved ventral valve, a narrower but 
deeper median sulcus, and a hingeline narrower 
than the shell width. 
Fig. 10. A, C, F, Kutorginella tarimensis sp. nov. NMV P149241, paratype v ntral valve in antero-ventral view, x2.5, 
posterior view, xl, and antero-ventral view, xl. B, D, E, G-H, J-K, Chaoiella tenuireticulatus (Ustrisky, 1960). B, E, 
NMV P149242, internal mould of ventral valve in posterior and ventral views; D, NMV PI49243, dorsal external 
mould in dorsal view; G, NMV P149244, an internal mould of ventral valve; H, J, K, NMV P149245, an internal 
mould of ventral valve in posterior, ventral nd lateral views, all xl. L-M, Kutorginella magna Wang in Zhang et al., 
1983, NMV P149246-47, two ventral valves in antero-ventral views, x2. 
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Fig. 11. Cardinal process of Kutorginella tarimensis sp. 
nov., based on NMV P149239, x3.5; cp: cardinal proc- 
ess, lr: lateral ridge, ms: median septum. 
Horizon and Locality. Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section. 
Kutorginella magna Wang, 1983 (in Zhang etal. 
1983) (Fig. 10I, L-M) 
1983 Kutorginella magna Wang; Zhang et al., p. 312, 
pl. 130, fig. 4. 
Material. Two ventral valves (NMV P 149246-47) 
are available. 
Descr ipt ion.  Large in size; transversely 
rectangular in outline; ears broad, slightly 
enrolled. Ventral valve evenly convex; 
geniculated anteriorly; beak pointed, incurved, 
slightly overhanging hingeline; umbonal regions 
flat; lateral slopes steep; trail strongly enrolled 
dorsally and tubiform; median sulcus broad, 
shallow, prominent on trail. Dorsal features 
unknown. 
Costae strong, rounded, narrowly spaced, 10 
per 10 mm on trail; concentric rugae distinct on 
posterior region of ventral disc, lateral areas and 
ears; spines on disc small, obliquely and anteriorly 
suberect; spines on trail coarse, erect, scattered 
irregularly; a row of spines along hinge margin, 
two rows of spines on each flank. 
Internal features unknown. 
Remarks. The present specimens are comparable 
with Kutorginella magna Wang (in Zhang et al. 
1983, p. 312, pl. 130, fig. 4) from the Artinskian 
Keziliqiman Formation of the western Kunlun 
Mountains although a long trail is not preserved. 
A smaller size and more pronounced 
reticulation separates K. novosemel ica 
Kalashnikov (1980, p. 51-52, pl. 13, figs 7-12; pl. 
14, fig. 4) from the Gzhelian to Asselian of the 
European part of Russia from the present species. 
Kutorginella lasallensis (Worthen, 1873) 
described and figured by Sarycheva (1977, p. 66, 
pl. 6, figs 8-11) and by Kalashnikov (1993, p. 50- 
51, pl. 22, figs 3-4; pl. 24, fig. 12) is comparable 
with the present species in size and reticulate 
ornamentation, but is different in the possession 
of greater numbers of costae and spines. 
Kutorginella savabuqiensis (Wang, 1995, p. 
18, pl. 2, figs 18-19) from the Lower Permian 
Kankarin Formation of the Aksu area, Xinjiang 
Province is similar to the present species in 
respects of size and shell outline, but can be 
distinguished by its coarser costae, a more 
pronounced ventral median sulcus and the ears, 
which are broader, enrolled and more transversely 
projecting laterally. 
The species is similar in size and outline to K. 
aprica Grant ( 1976, p. 143-148, pl. 38, figs 1 - 18) 
from the Permian of southern Thailand, but 
cannot be confused as K. magna is less strongly 
reticulate and has slightly coarser costae. 
Horizon and Locality.; Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section. 
Subfamily DICTYOCLOSTINAE Stehli, 1954 
Chaoiella Fredericks, 1933 
Type species. Productus grunewaldti Krotov, 
1888 
Chaoiella tenuireticulatus (Ustrisky, 1960) (Figs 
9G-H, K; 10B, D-E, G-H, J-K) 
1960 Dictyoclostus tenuireticulatus Ustrisky, p. 43-44, 
pl. I 1, figs 4-5; pl. 12, figs I-3. 
1983 Chaoiella tenuireticulatus (Ustrisky); Zhang et 
al., p. 307, pl. 132, fig. 5; pl. 130, figs I-3. 
1987 Chaoiella tenuireticulatus (Ustrisky); Zhan & 
Wu, p. 209-210, pl. 49, figs 19-21. 
1996 Chaoiella tenuireticulatus (Ustrisky); Li et al., pl. 
8, figs 25-27; pl. 9, figs 5-16; pl. 10, figs 1-3. 
Material. Four ventral internal moulds (NMV 
P 149240, NMV P 149242, NMV P 149244-45) and a 
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dorsal internal mould (NMV P149243) are 
illustrated herein. 
Description. Medium in size; subquadrate 
outline; ears triangular, flat to slightly enrolled, 
merging into flanks, projecting laterally. 
Ventral valve moderately convex, geniculated 
anteriorly, semi-circular in lateral profile; beak 
weakly convex, slightly overhanging hingeline; 
umbonal region convex, rounded; lateral slopes 
steep; median sulcus shallow, broad, 
commencing posterior of geniculation, and 
extending to anterior margin. Dorsal valve 
concave, contour following that ofventral valve; 
corpus cavity shallow. 
Ventral costae venly spaced, continuing to 
trail, bifurcating twice to three times on flanks, 
numbering 15 to 17 per l 0 mm near geniculation; 
rugae on disc distinct, forming reticulation with 
costae; spines on disc dense, those on anterior 
of the trail coarse, sparse; spines often scattered 
on costae and rugae; hinge margin marked by a 
row of spines; a bunch of coarse spines, with 
about 3 mm in diameter, on ears, projecting 
laterally. Dorsal exterior w thdistinct reticulation 
formed by fine costae and concentric rugae. 
Ventral interior with narrow elongate dendritic 
adductor scars; diductor scars broad, diverging 
antero-laterally, anterior part finely grooved, 
extending forward slightly beyond adductors. 
Cardinal process anteriorly bilobed, but 
posteriorly trilobed, slightly incurved dorsally; 
median septum strong. 
Remarks. Chaoiella tenuireticulatus clearly 
differs from C. grunewaldti (Krotov, 1888, p. 545, 
pl. 1, figs 9-11; see also Lazarev 1990, pl. 14, figs 
1-4), type species of the genus, from the 
Moscovian of the Urals, Russia and the Late 
Carboniferous toEarly Permian of Spitsbergen, 
Svalbard (Gobbett 1963, p. 89, pl. 8, figs 7-9) in 
possessing more flattened ears, a shallower, less 
distinct median sulcus, and much more 
pronounced costae specially on the ventral trail. 
As a result, the present generic assignment of 
the Tarim species is tentative. 
Chaoiella latisinuata Liao (1979, p. 537, pl. 
1, figs 32-33) from the Asselian Shazitang 
Formation of the Longlin area, Guizhou Province, 
South China is distinguishable from the present 
species in being smaller, and having smaller, 
indistinct ears and a deeper ventral sulcus. 
Chaoiella volkovi (Fredericks, 1926) and C. 
geniculata (Gobbett, 1963), both redescribed and 
illustrated by Kalashnikov (1993, p. 56, pl. 22, 
figs 1-2; pl. 20, figs 1-6), differ from the present 
species in their more weakly developed costae. 
Chaoiella subashiensis Wang (1995, p. 18, 
pl. 2, figs 2-5) from the Lower Permian Kankarin 
Formation of the Kalpin area is characterised by
its medium size and geniculated shells, steep 
flanks, a deep median sulcus, narrowly and 
evenly spaced costae and rarely scattered spines, 
and is comparable with the smaller specimens of 
C. tenuireticulatus, uggesting that they are 
conspecific. 
Horizon and Locality. Asselian to early 
Artinskian Nanza Formation, Xiaohaizi Section; 
Asselian-early Artinskian K karin Formation, 
Shishichang Section. 
Superfamily L1NOPRODUCTOIDEA Stehli, 1954 
Family LINOPRODUCTIDAE Stehli, 1954 
Subfamily LINOPRODUCTINAE Stehli, 1954 
Cancrinella Fredericks, 1928 
Type species. Productus cancrini de Koninck, 
1842. 
Comments. Grigorjewa et al. (1977, pl. 19, fig. 2c) 
re-examined and figured the type specimens of 
Cancrinella cancrini (de Koninck) and 
concluded that true Cancrinella possesses 
dorsal spines. Since then, several genera have 
been proposed by some authors (Waterhouse 
1983a, b, Archbold 1993) for specimens without 
dorsal spines formerly assigned to Cancrinella. 
Costatumulus Waterhouse, 1983a includes a 
group of species with fine costellae, low narrow 
rugae, recumbent ventral spines with distinct 
spine ridges, dimples on dorsal valves, and gentle 
geniculation. Magniplicatina Waterhouse, 1983b 
is typified by coarse and prominent ventral rugae. 
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Coolkilella Archbold, 1993 represents a group 
of distinct species with strongly enrolled ventral 
valves, dorsal valves lacking spines, a fiat disc, 
and a strong geniculation. As such, species with 
dorsal spines are retained in the stock of  
Cancrinella Fredericks, 1928. 
However ,  the spec ies  of  Cancr ine l la  
Fredericks still includes two groups, based on 
their external ornament (Muir-Wood & Cooper 
1960). The first is represented by species without 
rugae, or rugae present only on ears and flanks, 
and with bifurcating costae [e.g. C cancrini (de 
Koninck)]. The second is characterised by species 
with strong rugae crossing the whole ventral disc 
and extending to the trail, and fine costellae with 
numerous  interca lated costae [e.g. C. 
cancriniformis (Chernyschev)]. 
Canerinella eaneriniformis (Chernyschev, 1889) 
(Fig. 4D, G, I, L) 
1889 Productus cancriniformis Chemyschev, p. 283, 
pl. 7, figs 32-33. 
1897 Productus eancriniformis Chernyschev; Diener, 
p. 25-26, pl. 4, figs 6-7. 
1927 Linoproductus cancriniformis (Chemyschev); 
Chao, p. 139-140, pl. 14,fig. 13. 
1952 Linoproductus cancriniformis (Chernyschev); 
Sarycheva & Sokolskaya, p. 11, pl. 20, fig. 137. 
1955 Linoproductus cancriniformis (Chernyschev); 
Wang, p. 158, pl. 91, figs 22-24. 
1964 Cancrinella cancriniformis (Chernyschev); Wang 
et al., p. 330-331, pl. 52, figs 4-5. 
1967 Cancrinella cancriniformis (Chernyschev); 
Yanagida, p. 59, pl. 18, figs I-8. 
1979 Cancrinella cancriniformis (Chemyschev); Liao, 
pl. 2, fig. 29. 
1981 Cancrinella cancriniformis (Chernyschev); 
Waterhouse, p. 86-89, pl. 17, figs 10-12; pl. 18, 
figs 1-5. 
1995 Cancrinella cancriniformis (Chernyschev); Wang, 
pl. 2, fig. 1. 
1996 Cancrinella circularis Ching & Hu; Li et al., pl. 8, 
figs 17-18. 
1996 Cancrinella koninckiana (Verneuil); Li et al., pl. 
8, figs 19-22. 
1996 Cancrinella pseudotruncata Ustrisky; Li et al., pl. 
8, figs 23-24. 
1996 Cancrinella cancrini (Verneuil); Li et al., pl. 9, 
figs 1-3. 
1996 Cancrinella sp.; Li et al., pl. 9, fig. 4. 
1996 Cancrinella cancriniformis (Chemyschev); Shi & 
Waterhouse, p. 96-97, pl. 17, figs 1-9. 
Material. Three specimens (NMV P 149219-20, 
NMV P 149265) are figured. 
Description. Medium sized species for genus; 
suborbicular outline; hingeline narrower than 
shell width near midvalve; cardinal extremities 
rounded; ears small, flattened. Ventral valve 
strongly convex;  beak pointed, incurred;  
umbonal region convex, incurved; flanks steep. 
Dorsal valve concave, slightly geniculate. 
Costellae rather fine, regularly and closely 
spaced, increasing with numerous intercalated 
costae; spines numerous on both valves, long, 
fine, recumbent,  obl ique anteriorly; rugae 
crossing ventral disc, extending over the whole 
valve. 
Internal features unknown. 
Remarks'. The present specimens are identical to 
the lectotype of Cancr inel la  cancr in i formis 
(Chemyschev, 1889, pl. 7, fig. 32) and those from 
the Lower Permian of the Urals, Russia described 
and illustrated by Chernyschev (1902), as they 
share the same external diagnostic features. 
Six broken ventral valves and a dorsal external 
mould from the same bed of the Nanza Formation 
in the Xiaohaizi section were illustrated by Li et 
al. (1996). They were identified as four known 
species and one indeterminate species as shown 
in the above synonym. Characteristic external 
features of all the specimens are a suborbicular 
outline and strongly convex ventral valve, and 
their external ornament is typified by fine, 
regular ly  and c lose ly  spaced,  branch ing 
costellae. Numerous, long, free, recumbent spines, 
and rugae crossing ventral disc. These features 
suggest C. cancriniformis rather than the other 
known species of the genus. 
Horizon and Locality. Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section. 
Linoproductus Chao, 1927 
Type species'. Productus cora d'Orbigny, 1842. 
Linoproductus cora (d'Orbigny, 1842) (trig. 4R, T) 
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1842 Productus cora d'Orbigny, p. 55, pl. 5, figs 8-10. 
1863 Productus cora d'Orbigny; Davidson, p. 174, pl. 
9, figs 22-23. 
1884 Productus cora d'Orbigny; Waagen, p. 677, pl. 
56, figs I-2; pl. 57, fig. Y 
1902 Productus cora d'Orbigny; Chernyschev, p. 279, 
pl. 33, figs 2-3; pl. 35, fig. 1; pl. 54, figs I-5. 
1903 Productus cora d'Orbigny; Girty, p. 364, pl. 4, 
figs I-4. 
1912 Productus cora d'Orbigny; Mansuy, p. 95, pl. 17, 
fig. 9. 
1914 Productus cora d'Orbigny; Kozlowski, p. 48-52, 
pl. 4, fig. 49; pl. 5, fig. 5; pl. 6, figs 1-10. 
1927 Linoproductus cora (d'Orbigny); Chao, p. 132- 
135, pl. 13, figs 17-18; pl. 14, figs I-4. 
1936 Linoproductus cora (d'Orbigny); Grabau, p. 123- 
124, pl. 12, figs 7-9. 
1952 Linoproductus cora (d'Orbigny); Sarycheva & 
Sokolskaya, p. 115, pl. 20, fig. 147. 
1955 Linoproductus cora (d'Orbigny); Wang, p. 158, 
pl. 91, figs 18-19, 25. 
1964 Linoproductus cora (d'Orbigny); Wang et al., p. 
318-319, pl. 50, figs 8, 10-11, 14. 
1965 Linoproductus cora (d'Orbigny); Gauri, p. 75, pl. 
14, figs I-5. 
1983 Linoproductus cora (d'Orbigny); Zhang et al., p. 
294, pl. 111, fig. 3; pl. 128, fig. 4. 
1987 Linoproductus cora (d'Orbigny); Zhan & Wu, p. 
213, pl. 53, figs 5-8. 
1995 Linoproductus cora (d'Orbigny); Wang, pl. 2, figs 
11-12; pl. 4, fig. 1. 
Mater ia l  A dorsal external mould (NMV P 149225) 
and a ventral valve (NMV P 149226). 
Descr ipt ion,  Shell varying in size; triangular to 
oval in outline; ears broad and flat, sharply marked 
off  from flanks by concavities. Ventral valve 
strongly convex; beak pointed, enrolled, but only 
slightly incurved over hingeline; median sulcus 
broad, shallow. Dorsal valve slightly concave, 
corpus cavity deep. 
External surface sculpture with numerous free, 
distinct costae, bifurcating; concentric rugae 
strong near ears, and absent on discs; spines 
sparsely scattered on ventral valve, a row along 
hinge margin, and absent on dorsal valve. Interiors 
not observed. 
Remarks.  Widely applied to the specimens of the 
Lower Carboniferous to the Lower Permian in the 
world by many authors, the specific definition 
has been broadened. For this reason, Chao (1927, 
p. 134) considered that this species is valueless 
for stratigraphical correlation. By contrast, Muir- 
Wood & Cooper (1960) suggested that this 
species might be restricted to the Lower Permian. 
However, our specimens are strikingly similar to 
those described from the Lower Permian of Bolivia 
(Kozlowski 1914) and the Late Carboniferous of 
the Moscow Basin (Sarycheva & Sokolskaya 
1952). 
L inoproductus  s imensis (Chernyschev 1902, 
p. 626, pl. 54, figs 1-3) from the Lower Permian of 
Urals is smaller and more elongate than L. cora. 
L inoproductus  l ineatus  (Waagen) and L. 
tenu is t r ia tus  (Verneui l ) ,  as f igured by 
Chemyschev (1902, p. 625, pl. 48, fig. 4; p. 628, pl. 
36, figs 4-5; pl. 50, fig. 6) from the Lower Permian 
of Urals, are comparable with the present species, 
but L. l ineatus is often represented by larger and 
more elongate shells, with more irregular costellae 
and a prominent anterior marginal edge formed 
by dense costellae; L. tenuistr iatus is usually 
smaller than L. cora and has a suboval outline, 
more closely spaced costellae, and more rugae 
crossing the entire discs. 
Hor izon  and  Local i ty .  Kasimovian-Gzhel ian 
Shishichang Formation, Shishichang Section. 
Class RHYNCHONELLATA Williams et al., 1996 
Order SPIRIFERIDA Waagen, 1883 
Suborder SPIRIFERIDINA Waagen, 1883 
Superfamily MARTINIOIDEA Waagen, 1883 
Family MARTINIIDAE Waagen, 1883 
Subfamily MART1NI1NAE Waagen, 1883 
Marl inia McCoy, 1844 
Type species. Spirifer glaber J. Sowerby, 1820. 
~pentagona l i s  Jin& Hu, 1978 (Fig. 12A-D) 
1932 Martinia triquetra Huang (non Gemmellaro), p.
48-49, pl. 6, figs 5-6; pl. 9, figs 6-10. 
1978 Martinia pentagonalis Jin & Hu, p. 121, pl. 4, figs 
25-26, 29-32. 
Material .  A complete specimen (NMV P 149248) 
with conjoined valves is figured. 
Descr ip t ion .  Medium in size; pentagonal 
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outline; asymmetrically biconvex in lateral 
profile; hingeline straight, narrower than 
maximum shell width; anterior commissure 
unplicate; cardinal extremities obtuse. 
Ventral valve moderately convex; beak low, 
strongly incurved over hingeline; median 
sulcus shallow, narrow, originating at beak; 
extending forward with increasing width and 
depth, and forming tongue at anterior margin. 
Dorsal valve strongly convex, beak small; 
median fold indistinct. External surfaces 
smooth. 
Remarks.  This species is close to Mart in ia  
orbicular is Gemmellaro, 1899 in possessing a 
similar outline and low beaks, but differs in 
having a broad, shallow median sulcus, a 
distinct ongue-shaped anterior margin. 
Another  ally is Mart in ia  t r iquet ra  
Gemmellaro, 1899, also having a similar tongue- 
shaped anterior margin to the present species, 
but M. triquetra possesses a shorter hingeline, 
a more elongate oval outline a d higher beaks. 
Mart in ia  letisulcata Liao (1979, p. 540-541, 
pl. 4, figs 31-33) from the Artinskian of  the 
southern Guizhou areas, South China is allied to 
the present species in size and ornamentation, 
but it is transversely elliptical, and has a broader, 
shallower sulcus. 
Mart in ia  corcu la  (Kutorga) illustrated by 
Liao (1979, pl. 4, figs 24-27), from the Asselian 
and Artinskian of southern Guizhou, South China, 
differs from the present species in having dense 
radial lines and concentric lines, and a less 
developed sulcus and fold. 
Hor izon  and Locality. Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section; Asselian- 
ear ly  Art inskian Kankar in  Format ion,  
Shishichang Section. 
Martinia orbieularis Gemmellaro, 1899 (Fig. 
12E-I) 
1899 Martinia orbicularis Gemmellaro, p. 301, pl. 33, 
figs 16-22. 
1902 Martinia orbicularis Gemmellaro; Chemyschev, 
p. 567, pl. 17, figs I-3. 
1931 Martinia orbicularis Gemmellaro: Grabau, p. 183- 
187, pl. 15, figs 5-8. 
1932 Martinia cf. orbicularis Gemmellaro; Huang, p. 
52-53, pl. 8, figs 12-15. 
1962 Martinia orbicularis Gemmellaro; Yang et al., p. 
114, pl. 43, figs 2-3, 5. 
1964 Martinla orbicularis Gemmellaro; Wang et al., p. 
574, pl. 111, figs I 1-14. 
1977 Martinia orbicularis Gemmellaro; Yang et al., p. 
454, pl. 180, fig. 11. 
1978 Martinia orbicularis Gemmellaro; Tong, p. 262, 
pl. 91, fig. 4. 
1978 Martinia orbicularis Gemmellaro; Feng & Jiang, 
p. 297, pl. 106, fig. 6. 
1979 Martinia orbicularis Gemmellaro; Jin et al., p. 
117, pl. 33, figs 29-30. 
1982 Martinia orbicularis Gemmellaro; Wang et aL, p. 
264, pl. 94, fig. 5. 
1983 Martinia orbicularis Gemmellaro; Zhang et al., p. 
371, pl. 144, fig. 2. 
1987 Martinia orbicularis Gemmellaro; Zhan & Wu, pl. 
62, figs 15-17. 
1996 Martinia cf. orbicularis Gemmellaro; Li et al., pl. 
12, figs 35-36. 
Material .  A complete specimen (NMV P 149249) 
is illustrated. 
Remarks.  The present species name has been 
widely applied to Chinese material. It is distinct 
from any other known species of the genus in 
its small size, circular outline and straight 
hingeline. Moreover, a weakly developed 
sulcus and fold, a blunt, strongly incurved 
ventral beak and a rather low dorsal beak are 
also noteworthy. 
Hor izon and Locality. Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section. 
Family MARTINIOPSIDAE Kotljar & Popeko, 1967 
Fig. 12. A-D, Martinia pentagonalis Jin & Hu, 1978. NMV P149248, complete specimen in ventral, dorsal, lateral 
and posterior views, x2. E-I, Martinia orbicularis Gemmellaro, 1899. NMV P149249, complete specimen in anterior, 
posterior and lateral views, xl.5, dorsal view, x2, and ventral view, xl.5. J-K, M-N, Martiniopsis cathaysiensis Grabau, 
1936. J, K, NMV P149250-51, two ventral valves in ventral views, xl.5; M-N, NMV P149252-53, two dorsal valves 
in dorsal views, xl. L. Phricodothyris? bachuensis sp. nov. NMV P149254, ventral v ve in ventral view, xl. 
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Martiniopsis Waagen, 1883 
Type species. Martiniopsis inflata Waagen, 1883 
Martiniopsis eathaysiensis Grabau, 1936 (Fig. 
12J-K, M-N) 
1936 Martiniopsis cathaysiensis Grabau, p. 242-245, pl. 
21, figs 7-8; pl. 24, fig. 9. 
1983 Martiniopsis cathavsiensis Grabau; Zhang et al., p. 
372, pl. 139, fig. 4. 
1996 Martiniopsis cathaysiensis Grabau; Li et al., pl. 12, 
figs 1-4. 
Material. Two ventral valves (NMV P149250-51). 
Description. Medium size for genus; transversely 
subelliptical in outline; lateral margins evenly 
rounded; anterior margin moderately rounded; 
cardinal extremities obtuse to rounded. Ventral 
valve slightly convex on posterior region of shell, 
slightly flattened anteriorly; beak slightly 
incurved; interarea indistinct; median sulcus 
shallow, indistinct. External surface with fine 
concentric growth lines and weak radiating 
costellae. Ventral interior with dental plates. 
Dorsal valve not observed. 
Remarks. The present ventral valves are herein 
referred to as M. cathaysiensis Grabau because 
of the distinctive external ornament and ventral 
internal structures. 
The present species is closely allied to 
Martiniopsis orientalis Chernyschev (1902, p. 
556-557, pl. 19, figs 7-12) from the Lower Permian 
of the Urals in terms of size, shell outline and 
external ornament, but can be separated from the 
latter by being transversely subelliptical, having 
a more strongly incurved ventral beak, and lacking 
a median sulcus and a median fold. 
Chernyschev (1902) proposed three other 
new species based on the material from the Lower 
Permian of Urals. Compared with the present 
species, M. aschensis Chernyschev (p. 557-578, 
pl. 50, fig. 4) is small and possesses a more 
pronounced median sulcus; M. convexa 
Chernyschev (p. 559-560, pl. 19, figs 1,3-4, 6) is 
more elongate, with a slightly higher ventral 
interarea; and M. lutugini Chernyschev (p. 560, 
pl. 19, fig. 5; pl. 49, fig. 5) is suboval in outline, 
and has a shallower median sulcus and a higher 
ventral interarea. 
Martiniopsis cathaysiensis also close to 
M. trimmata Grant (1976, p. 226-230, pl. 62, figs 1- 
21) from the Permian of southern Thailand in size 
and shell outline, but distinguishable in 
embracing radial ribs and more flattened valves. 
Horizon and Locality. Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section. 
Superfamily SPIRIFEROIDEA King, 1846 
Family CHORISTITIDAE Waterhouse, 1968 
Subfamily CHORISTITINAE Waterhouse, 1968 
Choristites Fischer de Waldheim, 1825 
Type species. Choristites mosquensis Fischer de 
Waldheim, 1825. 
Choristites sp. indet. (Fig. 13K, 14) 
Remarks. A broken specimen is illustrated, in 
which the internal features are visible. A pair of 
long and well-developed, anteriorly thickened 
dental plates extends anteriorly to two-thirds of 
valve length. Another broken ventral valve has 
been sectioned (Fig. 14) to show the internal 
structures, in which the diverging dental plates 
are strong, long and raised from the valve floor. 
In both specimens, the shell and dental plates 
are strongly thickened (Fig. 14). In addition, some 
fragments of ventral valves exhibit the external 
ornamentation f Choristites, to which we assign 
these specimens. 
Horizon and Locality. Moscovian Xiaohaizi 
Formation, Xiaohaizi Section. 
Superfamily RETICULARIOIDEA Waagen, 1883 
Family ELYTHIDAE Fredericks, 1924 
Subfamily PHRICODOTHYRIDINAE Caster, 
1939 
Phricodothyris George, 1932 
Type species. Phricodothyris lucerna George, 
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1932. 
Remarks. The relationships of: Squamularia 
Gemmellaro, 1899; Phricodothyris George, 1932; 
Neophricodothyris Likharev, 1934; 
Permophricodothyris Pavlova, 1965; and 
Bullarina Jin & Sun, 1981, remain poorly known. 
After examining previously illustrated material 
from China (Chao 1929; Huang 1933; Wang etal. 
1964; Liao 1980, 1987; Xu 1987; Han etal. 1991); 
Russia (Likharev 1934, Pavlova 1965); America 
(Cooper & Grant 1976); southern Thailand 
(Waterhouse & Piyasin 1970, Grant 1976); and 
Greece (Grant 1993), we herein adopt a preliminary 
solution towards the distinction of these genera: 
(1). Squamularia is still valid as a generic name 
of brachiopods. (2). The holotype of 
"Squamularia" asiatica Chao, 1929 was 
collected from the Late Carboniferous (not 
Permian) Wangjiaba Limestone inthe Shuicheng 
area of Guizhou, South China, and shares many 
important diagnostic features with the type 
specimens of Phricodothyris. (3). Neo- 
phricodothyris i  a synonym of Phricodothyris, 
and is thus invalid. (4). Phricodothyris and 
Squamularia possess laterally directed spiralia, 
in contrast to the posteriorly directed spiralia of 
Permophricodothyris. (5). Bullarina has 
posterolaterally directed spiralia and, therefore, 
may represent transitional forms between 
Phricodothyris and Permophricodo-thyris. (6). 
The volution umber of Permophricodothyris is 
up to 28. 
It is noteworthy that two conflicting 
conclusions exist at present on the relationship 
between Squamularia and Phricodothyris. Grant 
(1993, p. 17-18) considered that Phricodothyris 
is an Early Carboniferous genus with dental 
plates, whereas Squamularia sa Permian genus 
lacking dental plates. Carter et al. (1994), on the 
other hand, referred Squamularia to the 
Reticulariidae Waagen, 1883, in which the 
members usually possess dental adiminicula and 
a median ridge or myophragm; whereas 
Phricodothyris was assigned to the Elythidae 
Fredericks, 1924, which often lack dental 
adminicula and a ventral median ridge. As far as 
the present s udy is concerned, our specimens 
agree with the observation ofCarter et al. (1994). 
Two other allies are Nebenothyris Minato, 
1953 and Martinothyris Minato, 1953, both 
characterised by prominent double-barreled 
spines. Nebenothyris, however, is distinct from 
Phricodothyris in possessing a myophragm in
the ventral valve and a median septum in the 
dorsal valve. The presence of ventral dental plates 
and dorsal crural plates also differentiates 
Martinothyris from Phricodothyris. 
Phricodothyris? bachuensis sp. nov. (Figs 12L; 
13A-J, L-R; 15, 16) 
1996 Neophricodothyris asiatica (Chao); Li et al., pl. 
12, figs 8-20. 
1996 Neophricodothyris sp.;Li et al., pl. 12, figs 21-22. 
Material. Holotype ventral valve NMV P 149264; 
paratypes, ventral valve NMV P 149255 and a 
dorsal valve NMV P 149260. Eleven ventral valves 
(NMV P149254-64) and a dorsal valve (NMV 
P 149260) are illustrated. 
Diagnosis. Medium-sized, suborbicular 
Phricdothyris?; external surfaces with shallow 
concentric growth lines, double-barrelled spine 
bases radial, elongate, almost occupying each 
concentric growth step, elongate spine holes 
arranged in a row along anterior edge of growth 
step. Ventral interior with strong teeth; dental 
plates and median septum absent (Fig. 15). 
Description. Unequally biconvex in lateral profile; 
hingeline narrower than maximum valve width at 
midvalve; lateral and anterior margins regularly 
rounded; cardinal extremities rounded. 
Ventral valve strongly convex; beak short, 
pointed, incurved, projecting beyond triangular 
area; interarea considerably narrower than 
maximum width of shell, defined by distinctive 
edges and marked by a triangular delthyrium with 
its base slightly exceeding one-third hingeline 
(Fig. 16); median sulcus shallow, indistinct. Dorsal 
valve moderately and evenly convex; beak small, 
pointed, slightly projecting beyond but not 
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A B 
10 mm 
J 
C D 
Fig. 14. Serial sections of Choristites p. indet., show- 
ing the secondarily thickened dental plates, dp: dental 
plate. 
Fig. 15. Interior of the ventral valve of Phricodothyris? 
bachuensis p. nov. The reconstruction is based on serial 
sections (see Fig. 15B below) and NMV P149255, 149263). 
de: delthyrium edges, t: tooth. 
A B C D E 
F G H 10 mm I 
Fig. 16. Interior of the ventral valve of Phricodothyris? bachuensis p. nov. Serial sections of specimen NMV 
P149258; sections 1-9 are at he following distances from the ventral beak: 3.0 mm, 4.5 mm, 5.0 mm, 6.5 mm, 7.5 
mm, 7.8 mm. 8.5 mm, 10.5 mm, 12.5 mm . 
arched over hinge margin; umbonal  region rather 
conspicuous, defined by a slight concavity on 
either side; interarea low; median fold absent. 
Concent r i c  growth steps regu lar ly  spaced; 
double-barreled spine bases numbering about 23 
per 10 mm at midvalve. 
Remarks. As the direction of  coil ing of brachidia 
was not  observed, the generic ass ignment is 
quest ionable.  However,  the other diagnostic 
features are comparable with Phricodothyris. 
Li et al. (1996) incorrectly referred their specimens 
to Neophr icodothyr is ,  an inva l id  genus,  as 
discussed above. The figured specimens ofL i  et 
al. (1996) are also medium-sized and suborbicular 
in outline, and prominent double barreled spine 
bases are arranged along the anterior edges of  
each growth step; the overall external features 
agree well with our material, and Li 's material is 
apparently conspecific with our Bachu material. 
Fig. 13. A-J, L-R, Phricodothyris? bachuensis sp. nov. A-B, NMV P149255, paratype ventral valve in ventral and 
posterior views, x2; C, F, NMV P149256-57, two ventral valves in ventral views, xl; D-E, NMV P149258, ventral 
valve in posterior and ventral views, x2; G-H, NMV P149259, ventral valve in ventral and posterior views, xl.5; l- 
J, NMV P149260, paratype, incomplete ventral and dorsal valves, xl; M, N, R, NMV P149261-63, three ventral 
valves in ventral views, xl; L, O-P, NMV P149264, holotype ventral valve in lateral view, xl, ventral views, x2, l.
K. Choristites p. indet. NMV P149266, an internal mould of ventral valve, xl. 
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The Bachu specimens are readily differentiated 
from P. asiatica (Chao 1929, p. 91-93, pt. 11,figs 
12-14) from the Moscovian of the Shuicheng area, 
Guizhou Province, South China, as the latter has 
a more rounded outline, more pronounced 
concentric growth steps, bears double-barreled 
spine bases, and lacks a sulcus and fold. 
Phricodothyris ndenta (Grabau) and P. extensa 
(Grabau) illustrated by Liao (1979, pl. 4, figs 6-7, 
14) are similar to our new species in many 
respects, but P. indenta is typically slightly 
smaller, and the spine bases form dense 
concentric growth zones. Besides, P. extensa is 
more transverse, and has more weakly developed 
spine bases. 
Phricodothyris asiatica (Chao 1929, p. 91- 
93, pl. 11, figs 12-14) from the Moscovian of the 
Shuicheng area, Guizhou Province, South China 
is distinguishable from the new species in having 
a more rounded outline, more pronounced 
concentric growth zones, bearing prominent spine 
bases, and lacking a sulcus and fold. 
Phricodothyris rostrata (Kutorga) described 
and figured by Zhan & Wu (1987, p. 229-230, pl. 
62, figs 26-28) from the Upper Carboniferous to
Lower Permian Zaerjiake Formation of the Aheqi 
area, southern Tienshan Mountains, Xinjiang 
Province can be differentiated from the new 
species by its more elongate outline, and finer, 
more elongate spine bases. 
Horizon and Locality. Asselian-early Artinskian 
Nanza Formation, Xiaohaizi Section. 
Order RHYNCHONELLIDA Kuhn, 1949 
Superfamily WELLERELLOIDEA Licharew in 
Rzhonsnitskaya, 1956 
Family ALLORHYNCHIDAE Cooper & Grant, 
1976 
Terebratuloidea Waagen, 1883 
Type species. Terebratuloidea davidsoni 
Waagen, 1883. 
Terebratuloidea sp. (Fig. 4M-Q, S, 17) 
Material. Two specimens (NMV P149223-24) are 
figured. 
Description. Shell small; depressed and 
transversely suboval outline; dorsal valve more 
strongly convex than ventral valve. 
Ventral beak suberect; mesothyrid foramen 
large, circular; median sulcus developed, 
originating at anterior to beak, increasing depth 
and width anteriorly. Dorsal valve strongly 
convex, greatest convexity at fold; beak low; fold 
highly convex at midvalve. 
Costae sharp; five costae in sulcus, six on 
fold, all evenly spaced, originating anterior t  
beaks; 6-7 costae on each flank, commencing at
anterior ofumbo. 
Teeth blunt, rounded; dental plates thin, lo g, 
attached to valve floor, corresponding to sulcal 
costae; median septum absent. Dorsal interior 
with hinge plates united posteriorly and divided 
anteriorly (Fig. 17); crura short, falciform; edian 
ridge absent. 
Remarks. In Terebratuloidea, the short, thin 
dental plates were often overlooked by previous 
workers. More recently, a reexamination f the 
holotype showed that T. davidsoni Waagen, type 
species of the genus, has a pair of small dental 
plates close to valve walls (Savage & Goodwin 
1998, p. 439, fig. 11). A pair of thin, long dental 
plates is also visible in our specimens (Fig. 17). 
The most closely allied species to the present 
specimens i  Terebratuloidea depressa Waagen 
(1883, p. 419, pl. 33, figs 6-8) from the Wargal 
Formation of the Salt Range and also described 
from the Wuchiapingian ofGuizhou, South China 
by Huang (1933, pl. 10, figs 12a-d); both exhibit 
similar size, outline and almost he same internal 
features. However, the Tarim specimens have five 
costae in the sulcus and six on the fold, whereas 
three in the sulcus and four on the fold are 
observed inT. depressa. Internally, our specimens 
possess longer and more pronounced ental 
plates. Hence, the present specimens represent a 
new species of Terebratuloidea, but inadequate 
material prevents the establishment of a new 
species. 
Our specimens are also distinguishable from 
T. davidsoni Waagen from the Wargal Formation 
of the Salt Range, Pakistan, as redescribed by 
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5 mm 
A B C 
H I 
D E F G 
J K L 
Fig. 17. Serial sections of Terebratuloidea sp., based on NMV P149223. Sections 1-12 are Ioacated atthe following distances 
from the ventral beak: 2.5 mm, 4.5 mm, 4,8 mm, 5.5 ram, 6.0 ram, 6.7 ram, 7.5 ram, 8.5 mm, 9.3 ram, 10.0 mm, 12.0 ram, 
14.0 mm 
Savage & Goodwin (1998), in having a greater 
number ofcostae, five in the sulcus and six on 
the fold, whereas T. davidsoni possesses two 
costae in the sulcus and three on the fold. 
Terebratuloidea centroplicata Liao (1979, 
p. 538, pl. 3, figs 19-22) from the Asselian 
Shazitang Formation of the southem Guizhou 
area, South China clearly differs from the present 
specimens in its more elongate outline, and in 
having one ridged rib in the sulcus and one on 
each flank, its fold is separated by a V-shaped 
furrow into strong costae. 
Terebratuloidea subornata (Schellwien) of 
Ustrisky (1960, p. 56-57, pl. 14, figs 7-8) from the 
Lower Permian of the western Kunlun Mountains 
is distinguished from the present material in its 
rounded outline, and the smaller number of ribs 
on both fold (or sulcus) and flanks. 
Two other species, T. elegantula (Grabau, 
1936) (Liao 1979, pl. 3, figs 1-4) and T. beta (Grabau, 
1936) (Liao 1979, pl. 3, figs 7-10), were originally 
described from the Kasimovian to Sakmarian 
Maping Limestone of the Guangxi areas, South 
China. Of these, T. elegantula is characterised 
by its pentagonal outline and two ribs in the 
sulcus, three on the fold, and three on each flank; 
1". beta is rather elongate, and has the same 
ornamentation asT. elegantula, but the ribs are 
usually less pronounced and originate anterior 
to the umbo. 
Externally, the Tarim specimens are also 
comparable with Camarophoria mutabilis 
(Chernyschev 1902, p. 491-494, pl. 22, fig. 18; pl. 
23,fig. 10;pl.45, figs 1-15;pl.46, fig. 14) from the 
Lower Permian of Urals, and with 
"Terebratuloidea" minmula Grant (1976, p. 174- 
178, pl. 47, figs 1-38) from the Middle Permian of 
southern Thailand, but the Ural species has a 
spondylium supported by a median septum in 
the ventral interior and a median septum in the 
dorsal interior. The well- i l lustrated Thai 
specimens indicate that Grant's pecies belongs 
to an independent genus rather Terebratuloidea 
because it lacks ventral dental plates. 
Horizon and Locality. Asselian-early Artinskian 
Kankarin Formation, Shishichang Section. 
Acknowledgments 
We wish to thank Profs. Liao Weihua, Yuan 
Yiping, Xia Fengsheng, Wu Xiuyuan, Yang 
Wanrong, Drs. Yu Zhiyan, Zhu Huaicheng, Luo 
Hui, and Zhu Zili of the Nanjing Institute of 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
36
 1
1 
Ma
y 
20
09
322 Z.Q. CHEN AND G. R. SHI ALCHERINGA 
Palaeontology and Geology, Chinese Academy 
of Sciences, for providing kind help in the field. 
Of these, Dr. Zhu Zili is also especially 
acknowledged for providing detailed fusulinid 
data. Senior Engineer Zhao Zhixin of the 
Headquarters of Oil-Exploration of the Tafirn Basin 
is thanked for the loan of some core data from the 
Tarim Basin. Dr. C.H.C. Brunton of the Natural 
History Museum, London and Professor J. 
Tazawa of Niigata University, Japan are greatly 
acknowledged for their critical reviews and 
advice. This study was carried out while the senior 
author was in receipt of the award of an Overseas 
Postgraduate Research Scholarship and a Deakin 
University Postgraduate Research Scholarship. 
References 
ARCHBOLD, N.W., 1993. Studies on Western Australian 
Permian brachiopods 11. New genera, species and 
records. Proceedings of the Royal Society of Victoria 
105, 1-29. 
BRONN, H.G., 1862: Die Klassen und Ordnungen der 
Weiehthiere (Malacozoa), Volume 3(1), Leipzig and 
Heidelberg, 518 p. 
BRUNrON, C.H.C., 1966. Silicified productids from the 
Visran of County Fermanagh. Bulletin of the British 
Museum (Natural History) Geology 12, 173-243. 
BRUNTON, C.H.C., LAZAREV, S.S. & GRANt, R.E., 1995. A 
review and new classification of the brachiopod or- 
der Productida. Palaeontology 38, 915-936. 
BRUNTON, C.H.C., MUNDY, D.J.C. & LAZAREV, S.S., 1993. 
Productellid and plieatiferid (productoid) brachiopods 
from the Lower Carboniferous of the Craven Reef Belt, 
North Yorkshire. Bulletin of the British Museum (Natu- 
ral History) Geology 49, 99-I 19. 
CARTER, J.L., JOHNSON, J.G., GOURVENNEC, R. & HOu, H.-F., 
! 994. A revised classification of thespiriferid brachiopods. 
Annals of Carnegie Museum 63, 327-374. 
CASTER, K.E., 1939. A Devonian fauna from Colombia. 
Bulletins of American Paleontology 24(83), 218 p. 
CHANG, M.L., 1987. Fossil Brachiopoda from Chihsia 
Formation, Anqing, Anhui. Acta Palaeontologica 
Sinica 26, 753-766 (Chinese). 
CHAO, Y.T., 1925. On the age of the Taiyuan Series of 
North China. Bulletin of the Geological Society of 
China 4, 221-249. 
CHAO, Y.T., 1927. Productidae of China. Part 1 : Productinae. 
Palaeontologica Sinica, Series B 5(2), 192 p. 
CHAO, Y.T., 1928. Productidae of China. Part II: 
Chonetinae, Productinae and Richthofeninae. 
Palaeontologica Sinica, Series B 5(3), 81 p. 
C~o, Y., 1929. Carbonitbrous and Permian spirfferids of China. 
Palaeontologiea Sinica, Series B 11(I), 101 p. 
CHEN, Z.Q., 1997. Late Devonian to Early Carbonifer- 
ous sequence stratigraphy of the Tarim Basin, 
Xinjiang, NW China. Palaeoworld 7, 177-196. 
CHEN, ZQ. & SHI, G.R., 1999. Latest Devonian (Famennian) 
to Earliest Carboniferous (Toumaisian) brachiopo&s from 
the Bachu Formation f the Tarim Basin, Xinjiang Prov- 
ince, Northwest China. Rivista ltaliana di Paleontologia 
e Stratigrafia 105, 231-250. 
CHERNYSrtEV, F.N., 1889. Beschreibung des central-Urals 
und des Westabhanges. Allgemeine Geologischeskogo 
Komiteta 3(4), 393 p. (Russian). 
CHERNYSHEV, F.N., 1902. Verkhnekamennougolnyye 
brakhiopody Urala i Timana (Upper Carboniferous 
brachiopods of the Urals and Timan). Trudy 
Geologicheskogo Komiteta 104(2), 7 9 p (Russian). 
COMPILING GROUP OF THE REGIONAL STRATIGRAPHIC CHART OF 
XINJIANG UYGUR AUTONOMOUS REGION (RSCX), 198 I. Re- 
gional Stratigraphic Chart of Northwestern China, 
Xinjiang Uygur Autonomous Region Volume. Geo- 
logical Publishing House, Beijing, 256 p. (Chinese). 
COOPER, G.A. & GRANT, R.E., 1976. Pennian brachiopods 
of West Texas, V. Smithsonian Contributions to 
Paleobiology (Washington), Memoir 24, 2609-3159. 
DAVIDSON, T., 1858-63. A monograph of the British tbs- 
sil Brachiopoda (vol. 3, part 6: The Fossil 
Brachiopoda - Carboniferous). Palaeontolographical 
Society, Monograph, 1-280. 
DIENER, C., 1897. Himalayan Fossils. The Permian fos- 
sils of the Productus Shales of Kumaon and Gurhwal. 
Memoir of Geological Survey of lndia, 
Palaeontologica lndica, Series 15 I(4), 1-54. 
DUMERm, A. 1806. Zoologie analytique ou methode naturelle 
de classification des animaux. Allais, Paris, 344 p.
DUNBAR, C.O. & CONDRA, G.E., 1932: Brachiopoda of the 
Pennsylvanian System in Nebraska. Nebraska Geo- 
logical Survey Bulletin, Series 2(5), 377 p. 
FANG, Z.J., ZHU, H.C., Wu, X.Y., ZHU, Z.L., CHEN, Z.Q., 
Luo, H., CAO, M.Z & Yu, Z.Y., 1996. New advances 
on the study of Permian from Tarim Block. In: New 
advances of Petroleum Geology of Tarim Basin, X. 
G. Tong, D. G. Liang, & C. Z. Jia, eds, Science Press, 
Beijing, 41-53 (Chinese). 
FENG, RL. & JIANG, Z.L., 1978. Brachiopods. In Palae- 
ontological Atlas of Southwestern China. Geologi- 
cal Publishing House, Beijing, 231-305 (Chinese). 
FZSCHER t)E WALDHe~, G., 1825. Notice sur la Choristites, genre 
de Coquilles bivalves fossiles du gouvemement de Moscou. 
Programme d 'Invitation ~ la SociStd lmpSriale des 
Naturalistes de Moscou, I-11 (Russian). 
FREDERICKS, G.N., 1924. Paleontologicheskie etiudy. 2. O 
verkhne-kamennougol'nykh spiriferidakh Urala. (On 
Upper Carboniferous spiriferids from the Urals.). 
Izvestiia Geologieheskogo Komiteta 38(3), 295-324 
(Russian). 
FREDERJCKS, G.N., 1926. Materialy k fauna peschano- 
glinistoi tolschi s r. Kezhim-Terovei. lzvestiia 
Geologicheskogo Komiteta 45(2), 81-91 (Russian). 
FREOERICKS, G.N., 1928. Materialy dlya klassifikatsii roda 
Productus Sowerby (Contribution to the classifica- 
tion of genus Productus). Izvestiya Geologicheskogo 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
36
 1
1 
Ma
y 
20
09
ALCHERINGA TARIM BAS IN  BRACHIOPODS 323 
Komiteta 46(7), 773-792 (Russian). 
FREDERICKS, G.N., 1933. Paleontologicheskie etiudy, 4. O 
nekotorykh verkhne-paleozoiskikh brakhiopodakh 
Evrazii. (Palaeontological notes, 4: on some Upper 
Paleozoic brachiopods of Eurasia.). Materialy 
Tsentral 'nogo Nauchno-lssledovatel 'skogo 
Geologo-Razvedochnogo lnstituta (TSNIGRI), 
Paleontologiia i Stratigrafiia Sbornik (Leningrad) 
2, 24-33 (Russian). 
GAURt, K.L., 1965. Uralian stratigraphy, trilobites and 
brachiopods of the western Carnic Alps (Austria). 
Jahrbuch der Geologischen Bundesanstalt 11, 1-94. 
GEMMELLARO, G.C., 1899. La fauna dei Calcari con Fusulina 
della Valle del Fuime Sosionella Provincia de Palemo. 
Giornale di Scienze Naturali ed Economiche di 
Palermo 22, 95-214 (Italian). 
GEORGE, T.N., 1932. The British Carboniferous Reticu- 
late Spiriferidae. Quarterly Journal of the Geologi- 
cal Society of London 88, 516-575. 
GIRTY, G.H., 1903. The Carboniferous Formation and 
Faunas of Colorado. United States Geological Sur- 
vey Professional Paper 16, 546 p. 
GOBBET'r, D.J., t963. Carboniferous and Permian 
brachiopods of Svalbard. Norsk Polarinstitutt Skrifier 
127, 201 p. 
GRABAU, A.W., 1931. The Permian of Mongolia. A Re- 
port on the Permian fauna of the Jisu Honguer Lime- 
stone of Mongolia and its relations to the Permian 
of the other parts of the World. Natural History of 
Central Asia 4, New York, American Museum of 
Natural History, 665 p. 
GRABAU, A.W., 1936. Early Permian tbssils of China. 
Part 2: Fauna of the Maping Limestone of Kwangsi 
and Kweicbow. Geological Survey of China. 
Palaeontologica Siniea, Series B 8(4), 441 p. 
GRANT, R.E., 1976. Permian brachiopods from southern 
Thailand. Paleontological Society, Memoir 9, 26 p. 
GRANT, R.E., 1993. Permian brachiopods from Khios 
island, Greece. The Palaeontological Society Memoir 
33, Journal of Paleontology 67, 1-20. 
GRAY, J.E., 1840. Synopsis of the Contents of the British 
Museum, 42nd edition, London, 370 p.. 
GR1GORJEWA, A.D, GANEUN, V.G. & KOTLJAR, G.V., 1977. 
Semeistvo Linoproductidae. In Pozdnepaleozoiskie 
Produktidy Sibiri i Arktiki, T.G. Sarycheva, ed., 
Akademiia Nauk SSSR, Palaeontologicheskii 
lnstitut, Trudy 161, 126-165 (Russian). 
HAN, T.X., WANG S.Y. & Lu, X.L., 1987. Recognition of 
Stratotype of the Yumengou series in Xishan of 
Taiyuan. Special Paper of National Carboniferous 
Symposium of China. Geological Publishing House, 
Beijing, 213-232 (Chinese). 
HAN, N.R., Znou, Y.M. & WANG, J.L., 1991. 
Permophricodothyris of Heshan. Geology of 
Guangxi 4(3), 7-13 (Chinese). 
HUANG, T.K., 1932. Late Permian Brachiopods of South- 
western China. Part 1. Palaeontolagica Sinica, Se- 
ries B 9(1), 138 p. 
HUANG, T.K., 1933. Late Permian brachiopods of south- 
western China, Part 2. Palaeontologica Sinica. Se- 
ries B 9(2), 172 p. 
IVANOVA, EA., t951. Novye dannye po sisteme produktid 
(rod Kutorginella). (New data on Productid System- 
atic (Genus Kutorginella). Akademiia Nauk SSSR, 
Doklady 77, 329-331 (Russian). 
Jir~, Y.G. & Hu, S.Z., 1978. Brachiopods of the Kuhfeng 
Formation in South Anhui and Nanking Hills. Acta 
Palaeontologica Sinica 17, 101-123 (Chinese). 
JIN, Y.G. & LIAO, Z.T., 1974. Carboniferous Brachiopoda. 
In Handbook of Stratigraphy and Palaeontology of 
Southwestern China. Nanjing Institute of Geology 
and Palaeontology, Academia Sinica, ed., Science 
Press, Beijing, 275-282 (Chinese). 
JJN, Y.G. & SUN, DE,  1981. Paleozoic brachiopods from 
Xizang. Series of the Scientific Expedition o Qinghai- 
Xizang Plateau, Palaeontology of Xizang, Book 3 
(The series of the Scientific Expedition to the 
Qinghai-Xizang Plateau). Science Press, Beijing, 
127-176 (Chinese). 
JIN, Y.G., WARDLAW, B.R., GLEN[STER, B.F. & KOTLJAR, G.V., 
1997. Permian chronostratigraphic subdivisions. 
Episodes 20, 10-15. 
JJ•, Y.G., Xu, H.K., SUN, D.L. & YE, S.L., 1979. 
Brachiopoda. In Palaeontological Atlas of north- 
western China, Qinghai Volume. Geological Publish- 
ing House, Beijing, 60-225 (Chinese). 
KALASHNIKOV, N.V., 1980. Brakhiopody verkhnego 
paleozoia Evropeiskogo Severa SSSR. (Brachiopods 
of the Upper Paleozoic of the European North of 
the USSR.). Nauk, Leiningrad, 136 p. (Russian). 
KALASHNmOV, N.V., 1993. Brakhiopody Permi 
Evropeiskogo Severa Rossii. (Permian brachiopods 
from European northern Russia). Nauka, St. 
Petersburg, 113 p. (Russian). 
KERSWERHNG, A.F., 1846. Geognostiche Beobachtungen, 
In Wissenschafiliche Beobachtungen auf einer Reise 
in das Petschora-Land im Jahre 1843, A.G. 
Keyserling, & P. von Krusenstern, eds, St. Petersburg, 
Carl Kray, 151-336 (Russian). 
KING, R.H., 1938. New Chonetidae and Productidae from 
Pennsylvanian and Permian sn'ata of north-central 
Texas. Journal of Paleontology 12, 257-279. 
KING, W., 1846. Remarks on certain genera belonging to 
the Class Palliobranchiata. Annals and Magazine of 
Natural History, Series l, 18, 26-42, 83-94. 
KONINCK, L.G. de, 1841-44. Description des animaux 
fossiles qui se trouvent darts le terrain Carboni~re 
de la Belgique. Paris, P. Bertrand, 650 p. 
KOTLJAR, G,V. & PIOPEKO, L.I., 1967. Biostratigrafiia, 
mshanki i brakhiopody veddanego paleozoiia Zabaikal'ia. 
Zapistd Zabaikal'skogo (Biostratigraphy, bryozoans and 
brachiopods of the Late Palaeozoic ofZabaikal). Filiala 
Geograficheskogo Obshehestva SSSR, Trudy Otdeleniia 
Geologii 28(5), 257 p. (Russian). 
KOZLOWSga, R., 1914. Les brachiopodes  Carbonifde sup6rieur 
de Bolivie. Annales de Paleontologic 9, 3-97. 
KROTOV, P., 1888. Geologisheskie issledovaniia na 
zapadnom sklone Solikamskogo I Cherdynskogo 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
36
 1
1 
Ma
y 
20
09
324 Z .Q.  CHEN AND G. R. SHI ALCHERINGA 
Urala. [Geologische Forschungen am westlichn Ural- 
Abhange in den Gebieten von Tscherdyn und 
Solikamsk]. Trudy Geologicheskogo K miteta 6(2), 
297-563 (Russian). 
Kumq, O., 1949. Lehrbuch der Paliiozoologie. Stuttgart, 
E. Schweizerbart'sche Verlagsbuchhandlung, 326p. 
LAZAREV, S.S., 1990. Evoliutsiia i sistema produktid. (Evo- 
lution and systematics of productids.). Akademiia 
Nauk SSSR, Trudy Paleontologicheskii lnstitut, 242, 
171 p. (Russian). 
Lh L., YANG, D.L. & FENG, R.L., 1986. The brachiopods 
and the boundary of Late Carboniferous-Early 
Permian in Longlin region, Guangxi. Bulletin of 
Yichang Institute of Geology and Mineral Resources, 
Chinese Academy of Geosciences 11, 199-258 (Chinese). 
LI, L.Z., LI, Y.B., XtAO, C.T., LIu, B.L. & JIANG, Y.W., 
1996. Carboniferous toPermian biostratigraphy of 
the Tarim Basin. Geological Publishing House, 
Beijing, 97 p. (Chinese). 
LtAO, Z.T., 1979. Uppermost Carboniferous brachiopods 
from western Guizhou. Acta Palaeontologia Sinica 
18(6), 527-546 (Chinese). 
LIAO, Z.T., 1980. Upper Permian brachiopods from west- 
em Guizhou. In Stratigraphy and Palaeontology of
Upper Permian coal-bearing formation in western 
Guizhou and eastern Yunnan, Nanjing Institute of 
Geology and Paleontology, Academia Sinica, ed., 
Science Press, Beijing, 241-277 (Chinese). 
LIAO, Z.T., 1987. Paleoecological characters and 
stratigraphic significance of silicified brachiopods of 
the Upper Permian from Heshan, Laibin, Guangxi. 
In Stratigraphy and Palaeontology of Systemic 
Boundaries in China, Permian and Triassic Bound- 
ary 1, Nanjing Institute of Geology and Paleontology, 
Academia Sinica, ed., Nanjing University Press, 
Nanjing, 81 - 125 (Chinese). 
LIAO, Z.T., WANG, Y.J., ZHOU, Y.X., JIANG, N.Y., XIA, F.S., 
SUN, F.S. & Ll, S.G., 1992. Permian of the Tarim and 
its adjacent. In Biostratigraphy and geological evo- 
lution ofTarim, Z.Y. Zhou, & P.J. Chen, eds, Science 
Press, Beijing, 243-272. 
LICHAREW (LICHAREV), B.K., 1934. O nekotorykh rodakh 
verkhnepaleozoiskikh brakhiopod. (On some new 
genera of Upper Palaeozoic Brachiopoda.). 
Akademiia Nauk SSSR, Doklady (Moscow) 1(4), 210- 
213 (Russian). 
LICHAREW , B.K., 1938. Materialy do vivchennia 
verkhn'okam'ianovugi l 'nykh brakhiopod 
Donetskogo basseina. (Sur les brachiopodes du 
Carbonifere superieur du bassin du Donetz). 
Geologichnii Zhurnal (Kiev) 5(6), 73-140 (Russian). 
L~u, Z.A. & X~ONG, J.F., 1991. Some new views of Car- 
boniferous and Permian of the northern Tarim Ba- 
sin. In Oil-gas Geology of the northern Tarim Basin, 
Part 1, Stratigraphy and Palaeontology, Y.X. Jia, 
ed., China University of Geosciences Press, Wuhan, 
65-74 (Chinese). 
MANSUV, H., 1912. Mission du Laos. I. G6ologie des En- 
virons de Luang-Prabang. Service G~ologique de 
1 'lndochfne(Hanoi-Haiphong), Memoires 1(4), 1-32. 
M'CoY, F., 1844. A Synopsis of the Characters of the 
Carboniferous Limestone Fossils of Ireland. Lon- 
don, Williams & Norgate, 207 p. 
MINATO, M., 1953. On some Reticulate Spiriferidae. Pal- 
aeontological Society of Japan, Transactions and 
Proceedings 11, 65-73. 
Mum-WooD, H.M., 1955. A history of the classification 
of the Phylum Brachiopoda, 124 p. London, Brit- 
ish Museum. 
MUlti-WooD, H.M., 1962. On the Morphology and Clas- 
sification of the Brachiopod Suborder Chonetoidea. 
London, British Museum, 132 p. 
Mum-WooD, H.M. & COOPER, G.A., 1960. Morphology, 
classification and life habits of the Productoidea 
(Brachiopoda). Geological Society of America 
Memoir 81, 447 p. 
ORI3IGNY, A. d', 1842. Voyages dans l'amerique 
Meridionale. G~ologie, Palkontologie 3, 50-56.
Paris, Pitois Leverault. 
PAVLOVA, Y.Y., 1965: Reviziia roda Neophricodothyris 
(otrid Spiriferida) (Revision of the genus 
Neophricodothyris (Order Spiriferida). 
Palaeontologicheskii Zhurnal 2, 133-137 (Russian). 
RuI, L. & ZHANG, L.X., 1990. Chronostratigraphic sub- 
division of the Upper Carboniferous of South China. 
Courier ForschungsirL~titute Senckenberg 130, 339-344. 
RZHONSNJTSKAYA, M.A., 1956. Systematization of
Rhynchonellida. In Resumenes de los Trabajos 
Presentados. International Geological Congress, 
Mexico, Report, 20, 125-126. 
SARYCHEVA, T.G. in SARYCHEVA, T.G., LICHAREW , B.K. & 
SOKOLSKAYA, A.N, 1960. Otriad Productida. InOsno~y 
Paleontologii. Mshanki Brakhiopody, Y.A. Or[ov, 
ed., 221-238. Moscow, lzdatel'stvo Akademii Nauk 
SSSR. (Russian) 
SARYCHEVA, T.G., 1968. Brakhiopody verkhnego paleozoia 
vostochnogo Kazakhstana. (Late Paleozoic 
Brachiopods of Eastern Kazakhstan.). Akademiia 
Nauk SSSR Palaeontologicheskii lnstitut, Trudy 121, 
212 p. (Russian). 
SARYCHEVA, T.G., 1977. Dictyoclostidae. In 
Pozdnepaleozoiskie produktidy Sibiri i Arktiki. 
(Late Paleozoic productids of Siberia and the Arc- 
tic.), T. G. Sarycheva, ed., Akademiia Nauk SSSR, 
Paleontologicheskii Institut, Trudy 161, 79-102 
(Russian). 
SARVCHEVA, T.G. & SOKOLSKAVA, AN.N, 1952. Opredelitel' 
paleozoiiskikh brakhiopod podmoskovnoi 
kotloviny. (A description of the Palaeozoic 
Brachiopoda of the Moscow Basin.). Akademiia 
Nauk SSSR, Paleontologicheskii ln titut, Trudy 38, 
307 p. (Russian). 
SARYCHEVA, T.G. & SOKOLSKAVA, A.V.N., 1959. O klassifikatsin 
Iozhnoporistykh brakhiopod. (On the classification of 
pseudopunctate bmchiopods.). Akademiia Nauk SSSR, 
Doklady 125, 181-184 (Russian). 
SARYCHEVA, T.G. & WATERHOUSE, J.B., 1972. Some 
brachiopods of the Family Retariidae from the 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
36
 1
1 
Ma
y 
20
09
ALCHERINGA TARIM BAS IN  BRACHIOPODS 325 
Permian of northern Canada. Paleontological Jour- 
nal 6, 501-513. 
SAVAGE, N.M., 1996. Classification of Palaeozoic 
rhynchonellid brachiopods. In Brachiopods, Pro- 
ceedings of the Third International Brachiopod Con- 
gress, Sudburv, Ontario, Canada. 1995, P. Copper, 
& J. Jin, eds, , 249-260. 
SAVAGE, N.M. & GOODWIN, E.H., 1998. The internal fea- 
tures of some Paleozoic rhynchonellid brachiopods. 
Journal of Paleontology 72, 437-441. 
SCHELLWIEN, E.G., 1892. Die Fauna der karnischen 
Fusulinenkalks. 1 Brachiopoda. Palaeontographica 
39, 1-56 (German). 
SCHUCHERT, C. in SCHUCHERT, C. & LEVENE, C.M., 1929. 
Brachiopoda (Generum et genotyporum index et 
bibliographia). In J.F. Pompeckj, ed., Fossilium 
Catalogus l: Animalia, Part 42, Berlin, W. Junk, 
140 p. (Gemaan). 
SHENG, J.Z., 1958. Fusulinidae from the Benchi Series of 
the Taitz River region. Palaeontologica Sinica, New 
Series B 7, 219. 
SHI, G.R. & WATERHOUSE, J.B., 1996. Lower Permian 
brachiopods and molluscs from northern Yukon Ter- 
rito~, western Canada. Bulletin of the Geological 
Survey of Canada 424, 241 p. 
SOWERBY, J. in SOWERBY, J. & SOWERBY, J. de C., 1818-2 I. 
The mineral conchology f Great Britain, volume 3, 
1-184. 
SOWERI3Y, J. in SOWERBY, J. & SOWERBY, J. de C., 1823-25. 
The mineral conchology of great Britain, volume 5, 
1-168. 
STEHH, F.G. 1954. Lower Leonmdian Brachiopoda f the 
Sierra Diablo. American Museum of Natural History, 
Bulletin 105, 257-358. 
STEPANOV, D.L., 1948. Verkhnekamennougol'nye 
brakhiopody Bashkirii. (The Upper Carboniferous 
Brachiopoda of Bashkiria.). Vsesoiuznyi Neftianoi 
Nauchno-lssledovatel 'skii Geologo-Razvedochnyi 
lnstitut (VNIGRI), Trudy 22, 63 p. (Russian). 
THOMAS, 1., 1914. The British Carboniferous Producti. 1. 
Genera Pustula and Overtonia. Palaeontology 
Memoir of the Geological Survey of Great Britain 
1(4), 197-366. 
TONG, Z.X., 1978. Permian and Carboniferous 
brachiopods. In Palaeontological Atlas of South- 
western China, Sichuan Volume, Geological Publish- 
ing House, Beijing, 210-267 (Chinese). 
UTRISKY, B.N., 1960. Stratigraphy and faunas of Carbon- 
iferous-Pennian from the western Kunlun Moun- 
tains. Professional Papers, Institute of Geology, Ge- 
ology and Mineral Resources Ministry, China, Se- 
ries B 5(1), 14-132 (Chinese). 
VOLGIN, V.I., 1960. Bmkhiopody vetktme-kamennougol'nylda 
i nizhnepermskikh otlozhenii iuzhnoi Fergany. 
(Brachiopoda of the Upper Carboniferous and Lower 
Permian deposits of southern Fergana.). Leingradskii 
Orden Lenina Gosudarstvennyi Universtet, Leningrad, 
202 p. (Russian). 
WAAGEN, W.H., 1882-1885. Salt Range Fossils: Productus 
Limestone Fossils, Part 4(2): Brachiopoda. Mem- 
oirs of the Geological Survey of lndia. 
Palaeontologia lndiea, Series 13 I, 329-770. 
WArqG, C.W., 1995. Brachiopod fauna from Kangkelin 
Formation in Aksu, Xinjiang Autonomous Region. 
Journal of Changchun University of Earth Sciences 
(Changchun) 25(1), 15-23 (Chinese). 
WANG, GP., Lug, QZ,  CHING, Y.G., HU, S.Z., LIANG, W.P. 
& LIAO, Z.T., 1982. Brachiopoda. In Palaeontologi- 
cal Atlas of Eastern China, Geological Publishing 
House, Beijing, 186-256 (Chinese). 
WANG, Y., 1955. Brachiopoda. In The Index Fossils of 
China 2, Science Press, Beijing, 109-171 (Chinese). 
WANG, Y., JIN, Y.G. & FANG, D.W., 1964. Brachiopodsfi'om 
China. Science Press, Beijing, 355-686 (Chinese). 
WAI"ERHOUSE, J.B., [968. The classification and descrip- 
tions of Permian Spiriferida (Brachiopoda) from New 
Zealand. Palaeontographica, t29A, 1-94. 
WATERHOUSE, JB., 1981. Early Permian Brachiopods from 
Ko Yao Noi and near Kmbi, southern Thailand. In 
The Permian Stratigraphy and Palaeontology of 
southern Thailand, J.B. Waterhouse, K. Pitakpaivan 
& N. Mantajit, eds, Geological Survey of Thailand 
Memoir, 4(2). 43-213. 
WATERHOUSE, JB., 1983a. New Permian invertebrate g n- 
era from the east Australian segment of Gondwana. 
Bulletin of the Indian Geologists' Association 
(Chandigrah) 16, 153-158. 
WATERHOUSE, JB., 1983b. Permian brachiopods ffoln Pija 
Member, Senja Formation, in Manang district of 
Nepal, with new brachiopod genera nd species from 
other regions. Bulletin of the Indian Geologists' A - 
sociation 16, 111-151. 
WATERHOUSE, J.B. & PIYASIN, S., 1970. Mid-Permian 
Brachiopods from Khao Phrik, Thailand. 
Palaeontographiea 135A, 83-197. 
WILLIAMS, A. • BRUNTON, C.H.C., 1997. Morphological 
and anatomical terms applied to brachiopods. In Trea- 
tise on Invertebrate Paleontology, Part H. 
Brachiopoda (revised) 1, Introduction, A. Williams, 
C.H.C. Brunton & S.J. Cadson, eds, 421-440. The Geo- 
logical Society of America, Inc. and The University of 
Kansas, Boulder, Colorado, nd Lawrence, Kansas. 
WILLIAMS, A., CARLSON, S.J., BRUNTON, C.H.C., HOLMER, L.E. 
& Popov, L., 1996. A supra-ordinal c assification of 
the Brachiopoda. Philosophical Transactions f the 
Royal Society of London, Series B 351, 1 71-1193. 
WINKLERPRINS, C.F., 1990. SCCS Working group on the 
subdivision of the Upper Carboniferous S.L. 
("Pennsylvanian"): A Summary Report. Courier 
Forschungsinstitut Senckenberg 13(I, 297-306. 
WORTHEN, A.H., 1873. In MEEK, F.B. & WORTHEN, A.H., 
1873. Paleontology: Descriptions of invertebrates 
from Carboniferous System. Geological Survey of 
Hlinois 5(2), 323-619. 
Wu, N.Y., 1991. Carboniferous. In The Palaeozoic of 
Xinjiang. Xinjiang People's Publishing House, 
Urumqi, China, 157-327 (Chinese). 
WU, W.S., ZHANG, LX. ~ JIN, Y.G., 1974. The Carbonif- 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
36
 1
1 
Ma
y 
20
09
326 Z. Q. CHEN AND G. R. SHI ALCHERINGA 
erous sequence of western Guizhou. Memoir of 
Nanjing Institute of Geology and Pataeontotog.v, 
Academia Sinica 6, 73-99 (Chinese). 
Wu, X.H., 1990. The Carboniferous stratigraphy of South 
China. In Carboniferous System of  China. 
Stratigraphy of China, Z.J. Wang, ed., Geological 
Publishing House, Beijing, 215-267 (Chinese). 
XJON6, J.F., 1991. Discovery of the Aikuanian conodonts 
from Bachu area of Xinjiang with discussion on Devonian- 
Carboniferous boundary. Petroleum Geology of Xinjiang 
(Urumqi) 12(2), 118-126 (Chinese). 
Xu, G.R., 1987. Brachiopods. In Permian Triassic 
Boundary Stratigraphy and fauna of South China, 
Z.Y. Yang, H.F. Yin, S.B. Wu, F.Q. Yang, M.H. Ding 
& G.R. Xu, eds, Geological Memoirs (Beijing), Se- 
ries 2 6, Geological Publishing House, Beijing, 45- 
53, 154-157, 215-235, 317-326 (Chinese). 
YANAGIDA, J., 1967. Early Permian brachiopods from 
north-central Thailand. In Contributions to the Ge- 
ology and Palaeontology o f  Southeast Asia, T. 
Kobayashi & R. Toriyama, eds, Geology and Palae- 
ontology of Southeast Asia (Bangkok) 3, 46-97. 
YANG, D.L., Ni, S.Z., CHANG, M.L. & ZHAO, R.X., 197Z 
Brachiopods. In Palaeontological Atlas of Central- 
South China 2, Geological Publishing House, Beijing, 
306-470 (Chinese). 
YANG, Z.Y., DING, P.C., YIN, HF., ZHANG, S.X. & FANG, 
J.S., 1962. Carboniferous, Permian and Triassic 
brachiopods from Chilianshan region. Monograph 
on Geology of Chilianshan Mountains 4(4), Science 
Press, Beijing, 134 p. (Chinese). 
ZHAN, L.P. & WU, S.Z., 1987. Brachiopods. In 7he Car- 
boniferous and Permian stratigraph.v and biota in 
Kalpin region, Xinjiang. Institute of Geology, 
Xinjiang Geological Bureau nd Institute of Geol- 
ogy, Chinese Academy of Geological Sciences, eds, 
Ocean Press, Beijing, 201-232 (Chinese). 
ZHANG, S.B., GAO, Q.Q., CHAN, Q.B., Cm, X.Y., LIANG, 
X.W. & LIu, J., 1993. Precambrian to Permian 
Stratigraphy and Palaeontolog~v of the Tarim Basin 
(11). Kalpin-Bachu areas volume, 256 p., Petro- 
leum Industry Press, Beijing (Chinese). 
ZHANG, Z., ZflANG, F.M., ZHANG, Z.X. 8/. WANG, Z., 1983. 
Brachiopoda. In Palaeontological tlas '2f north- 
western China (Xinjiang Par O, Paleozoie Part 2, 
Regional Geological Survey Team of Xinjiang, Insti- 
tute of Geosciences of Xinjiang, Geological Survey 
Group of Petroleum Bureau of Xiniiang, eds Geo- 
logical Publishing House, Beijing, 262-386 (Chinese). 
ZHAO, Z.X., HAY, J.X. & WANG, Z.J., 1984. 7he Carbon- 
ferous strata and its faunas.~'om southwestern mar- 
gin of Tarim Basin in Xinjiang. Geological Publish- 
ing House, Beijing, 187 p. (Chinese). 
ZHU, Z.L. & ZHANG, L.X., 1994. On the Chihsian 
successions in South China. Palaeoworld (Nar¢/ing) 
4, 114-137. 
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
36
 1
1 
Ma
y 
20
09
